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A bstract
Middle and Upper P le isto cen e  sea lev e l and c lim a tic  successions fo r  
the shores of the  English Channel a re  proposed. The sequence i s  based on 
the ezam ination of an area  of f lu v ia l  deposition  in  south Hampshire and 
an area of m arine, c o llu v ia l and aeo lian  deposition  in  the Channel Is lan d s .
Five main conclusions are  proposed: I ,  the te rra ce  gravels o f south
Hampshire a re  e n t ire ly  o f f lu v ia l  o r ig in  and were deposited by the  P le is to ­
cene R iver S o len t. These te rra c e s  a re  of end in te rg la c ia l  age and were 
formed by th e  la rge  discharges a sso c ia ted  w ith  cooling c lim ates , but before 
g la c io -e u s ta tic  e f fe c ts  caused sea le v e l to  f a l l  g re a tly  from the  in te r -  
g la c ia l  le v e l;  I I ,  the Hoxnian in te r  g la c ia l  sea le v e l was around 100 f t .  
(50 m.) O.D. not a t  the much lower le v e ls  p rev iously  suggested on the b asis  
o f evidence from the coasts  of the  Western Channel; I I I ,  an episode of 
high sea lev e l a t  around 60 f t .  (18 m.) O.D. i s  dated to  a period w ith in  
the W olstonian g la c ia tio n . I t  i s  suggested th a t  th is  episode may be the 
" Ilfo rd ia n "  in te rg la c ia l  te n ta tiv e ly  id e n tif ie d  in  the  v a lle y  o f the lower 
Thames; IT , the  low lev e l rock platform s of the Channel coasts a re  the  
r e s u l t  o f e ro s io n  a t  sev e ra l stages o f the Middle and Upper P le istocene;
V, the presence o f g la c ia l  ic e  in  the E nglish  Channel a t  any stage of the 
P le istocene  i s  d iscounted .
C o rre la tio n s  and p a ra l le ls  w ith  th e  P le istocene sequences of o ther 
a reas  of B r i ta in  a re  suggested.
i l l
comars
A bstract
Contents
In tro d u ctio n
a)
b)
PART I
Chapter I
a)
b)
South Hampshire 
Channel Is lan d s
South Hampshire -  an in tro d u c tio n  
Solid geology
R e lie f  and drainage p a tte rn  development
Chapter H  The Gravel
a) In troduction  
h) Gravel th ickness
c) Gravel composition and p a r t ic le  shape
d) Boulders in  the g ravel
e) Sediment blocks in  the  gravel
f )  Current bedding
g) Channels in  the g œ v el
Chapter H I  The B rickearth
a) In tro d u c tio n
b) Thickness
c) S tru c tu res
d) Grains ize
e) O rigin
Cliapter IT The environmental s ig n ifican ce  o f  the 
gravels and b ric k e a rth
a) The dep o sitio n a l environment -  f lu v ia l  or marine
The c lim atic  environmentt )
c) The f lu v ia l  d ep o sitio n a l sequence during 
in te rg la c ia ls
Chapter T The s tra tig ra p h y  and environmental s ig n ifican ce  
o f P le istocene d ep o sits  a t  Stone Poin t
a) In tro d u c tio n
b) S tra tig raphy
c) F lo ra  {±) C o llec tion  and p repara tion
( i i ;  Palaeoecology
Page
11
i i i  -  v i
1
I
5
10
10
10
12
22
22
22
24
28
50
32
35
35
35
35
36 
36 
59
42
42
49
57
66
66
67
70
71
iv
d) Mollusca ( i )  P reparation  and id e n tif ic a t io n
( i i )  Palaeoecology
e) D iscussion
Chapter VI The c lim a tic  and ciironological succession 
in  South Hampshire
a) Surfaces over I 50 f t .  (46 m.)
b) 100 f t*  (30 m.) te rra c e
c) 60 f t*  (18 m«) te r ra c e
d) 25 f t .  (8  m*) te rra c e
e) Post-Ipsw ichian events
Appendix. The age o f th e  break-up o f the Wight -  
Purbeck rid g e
PART I I
Chapter I
a)
b)
c)
d)
Chapter I I  
a)
The Channel I s le s  an in tro d u c tio n  
Solid geology
E ffec ts  o f deep w eathering
The in c lu sio n  of deep weathered m ate ria l 
in  d r i f t  dep o sits
Marine p la a a tio n  in  the  is lan d s
The non-marine P le istocene  deposits  o f 
the  Channel Is lan d s
The Loess ( i )  D is tr ib u tio n
( i i )  Organic remains 
( i i i )  D epositional environment 
(iv )  Age
b) The Head ( i j  D is tr ib u tio n
( i i )  Organic remains
( i i i )  D epositional environment 
( iv )  Age
Chapter I I I  The h igher ra ise d  beaches
a) In tro d u c tio n
b) The 100 f t .  (50 m.) ra ise d  beach
c) The 60 f t .  (18 m.) ra ise d  beach
Chapter IV The 25 f t .  (8  m.) ra ise d  beach
a) In tro d u ctio n
b) Je rsey
c) Guernsey and the sm aller is lan d s  to  the e a s t
d) Alderney and Burhou
e) Composition of the  25 f t .  (8 m.) ra ise d  beach
page
75
74
75
81
81
81
82
63
83
87
90
90
90
91
92
93
96
96
98
99 
100
101
104
103
109
112
112
113
117
121
121
121
125
128
128
page
Chapter T The problem of an e a r l i e r  low ra ise d  beach I 3I
Chapter VI Climate and chronological sequence in
the Channel I s le s  I 35
a) Higher su rfaces  I 35
b) Surfaces and d ep o sits  between 125 f t .  (37«7 m.)
and 85 f t .  (26 m.) I 35
c) Features p o s t-d a tin g  the deposition  of
the 100 f t .  (30 a .)  beaches I 56
d) The age o f  th e  60 f t .  (18 m.) beach and
fea tu re s  asso c ia ted  w ith  i t  I 38
e) The age o f the 25 f t ,  (8  m.) beach I4I
f )  Features p o s t-d a tin g  the 25 f t .  (S m.) bm,ch I44
PART I I I  146
Chapter I  The Hoxnian o f the  English  Channel -
some c o rre la tio n s  and problems I 46
a) In tro d u c tio n  I 46
b) Hoxnian dep o sits  in  Hampshire and the
Channel I s le s  147
c) A review of some Hoxnian s i t e s  dated
by organic n%ans 147
d) The problem of th e  Hoxnian sea le v e l in
w estern B r i ta in  I 50
e) C o rre la tio n s  between Hoxnian d eposits  and
the  a reas under examination 153
f )  The problem o f the tru e  age of th e  Hoxnian 154
Chapter I I  The separate  ex istence of a 60 f t .  (18 m.)
sea le v e l and scmie c o rre la tio n s  157
a) In tro d u c tio n  157
b) Evidence fo r  a  60 f t .  (18 m.) beach and
te r ra c e  in  the a reas  under d iscussion  157
c) Some probable s i t e s  f o r  the  60 f t .  (18 m.)
beach and te r ra c e  in  B r ita in  158
d) The age o f th e  I lfo rd  te rra c e  159
e) The age of the 60 f t .  (18 m.) deposits  o f
the Channel I s le s  and so ith  Hampshire 162
Chapter I I I  The Ipsw ichian in te rg la c ia l  and the  25 f t .
(8 m.) sea le v e l I 64
a) In tro d u c tio n  I 64
b) The 25 f t .  (8 m.) beach aM  te r ra c e  in  th e
Channel I s le s  and south Hampshire I 64
o) Some s i te s  dated a s  Ipsw ichian and associa ted
w ith evidence of th e  25 f t .  (8 m.) sea le v e l I 65
d) SoEfâ c o rre la tio n s  between th e  Channel I s le s
and south HaEg>shire 168
Vi
page
Chapter I?  A summary of Kiddle and Upper P leistocene
sea le v e ls  and clim ates in  th e  English Channel I 7I
Appendix A I74
A cknowledgaent s I76
B ibliography I77 -  198
F igures I99 -  200
P la te s  201 -  202
Tables 203
T otal no. o f pages in  te x t 209, + 42 f ig u re s , 55 p la te s  & 6 tab le s
* Chapter T, P a rt I ,  forms the te x t  of a  paper published in  
the  Proceedings o f  the Geologists* A ssocia tion , v o l .86, 1975, 
by B.C. Brown, D.B. G ilb ertso n , C.P. Green and the  p resen t 
au th o r. P a rts  of th e  chapter not w ritte n  by the  p resent 
au thor a re  marked in  the  te x t .
In troduction
The ob ject o f th is  study is  to  recognise the sequence of changing 
clim ate and sea le v e l in  the Middle and Upper P leistocene fo r  areas in  
southern B r ita in  unaffected  by g la c ia tio n . Accordingly two areas on the 
shores of the English Channel a re  examined, the New F orest, an area of 
mainly f lu v ia l  and es tu a rin e  dep o sitio n , and the Channel I s le s ,  an area 
o f mainly marine aM  p e r ig la c ia l  d ep o sitio n . In  these two areas many of 
the ty p ic a l c h a ra c te r is t ic s  of n o n -g lac ia l P leistocene deposition  can be 
recognised . Several s i te s  dated a rch aeo lo g ica lly  or by po llen  an a ly sis  
provide the b as is  fo r  an abso lu te  chronology.
An attem pt i s  a lso  made to  provide a g en era lly  app licab le  statem ent 
on the nature and sequence o f marine and f lu v ia l  deposition  a t  th e  end of 
in te rg la c ia ls  and thus on the o rig in  of P le istocene r iv e r  te rra c e s  and on 
the in te r - re la tio n s h ip  between c lim a tic  change and the change in  sea le v e l.
a) South Hampshire
In  Hampshire the area chosen fo r  study i s  the southern New Forest 
from Southampton Water in  the e a s t to  the v a lle y  o f the Avon in  the w est. 
The northern  lim it o f the area  stud ied  i s  approximately th a t  o f the 
Bournemouth to  Southampton railw ay l in e .  In  th is  area  may be found the 
la rg e  t r a c ts  of gravel and b rick ea rth  w ith which the f i r s t  p a rt of th is  
study i s  concerned. The southern boundary of the area  studied  l i e s  mostly 
beneath the w ater of C hristchurch and Poole Bays but the la rg e s t remnant 
o f the south bank of the P le istocene  River S o len t, the I s le  of W i^ t,  I s  
a lso  included in  the area s tu d ied . The area  i s  portrayed on sheets 179 
and 180 of the Ordnance Survey’ s one inch s e r ie s .  In  view o f the fragmen­
ta ry  nature  of the evidence fo r  Lower P leistocene deposition  only deposits  
below 130 f t .  (40 m.) were c lo se ly  stud ied  so th a t  th i s  account i s  p r i ­
m arily  one o f Middle and Upper P le istocene even ts . Below I 30 f t .  (40 m.)
ex tensive te rra c e  surfaces occur and almost a l l  the av a ilab le  sections 
are  below th is  height while above 1)0 f t .  (40 m.) only iso la te d  deposits 
o f gravel can be found with very few c le a r  sec tio n s in  them.
The two main questions faced in  emmining the south Hampshire 
g ravels  a re  as follow s; a) are the gravels and the benches on which they 
r e s t  of f lu v ia l  or marine o r ig in ? ; and b) i f  the deposits  a re  regarded as 
o f f lu v ia l  o r ig in , as in  th is  th e s is ,  what was th e i r  environment of 
deposition?
Workers over the j^ast century have presumed e i th e r  a marine or a 
f lu v ia l  o r ig in  fo r  the gravels of the New F o rest. Typical of the 
advocates of a marine o rig in  has been Everard (1954b), who suggested 
tlm t the g ravels  were formed as  beaches in  a  shallow Solent Bay which 
e x is ted  before the breaching of the Wight-Purbeck Monocline. By con­
t r a s t  the exponents of a f lu v ia l  hypotliesis have a t tr ib u te d  the gravels 
to  an e a s te r ly  extension of the Frome and Avon-Stour flowing in  a v a lley  
to  tiie n o rth  o f the unbroken monoclinal I s le  o f Wight ridge  (White, 1915; 
Green, 1946). The former ex istence of tlie Solent River was f i r s t  sugges­
ted  by Fox in  1862 and th is  basic  concept, as an explanation o f the 
P le istocene geomorphology of south Hampshire, i s  upheld by th is  th e s is .
I f  i t  i s  accepted th a t  the gravels and th e i r  asso c ia ted  b rickearth s  
occupy te rra c e s  of th is  Solent R iver and are not marine deposits  the 
problem of th e i r  exact environmental o r ig in  then a r i s e s .  As the te rraces  
mainly occur above presen t sea le v e l they were a t t r ib u te d  (Zeuner, 1959) 
to  in te rg la c ia ls  in  the  P le istocene because i t  was assumed th a t  only in  
these  warm episodes could the sea le v e l r is e  above th a t o f the p resen t. 
Some au th o rs , notably  W hite, ^w  th a t  the g ravels of the te rra ce s  were 
f a r  co arse r than any being deposited in  the streams o f the area  a t  present 
and suggested th a t  the g ravels were deposited by " s h if t in g  channels fed 
by a volume o f w ater exceeding th a t  ca rried  by the lo c a l streams a t  the
presen t day" (White, I 9I 5 , p .49). This estim ation hy White of the con­
d itio n s  under which the gravels were deposited suggests a c lim atic  
regime more rigorous than th a t  o f the p resent which i s  genera lly  con­
sidered  to  be a f u l l  in te rg la c ia l  (L u ttig , I 965; Suggate, I 965) .
However, the heigh t of the gravels above modem sea le v e l seems to  
in d ic a te  some stage in  an in te rg la c ia l  and thus by d e f in it io n  a warm 
clim ate# I t  i s  w ith th is  paradox regarding the o rig in  of the  gravels 
o f south Hampshire th a t  Part One o f th is  th e s is  d ea ls . At the same time 
a c lim a tic  and s tra tig ra p h ie  sequence fo r  the Middle and Upper P leistocene 
i s  suggested.
The metiiods used in  the Hampshire a rea  involved sampling the gravel 
and b ric k e a rth  fo r  mechanical a n a ly s is , cartographic an a ly s is  based on 
the l i 25,000 map, the mapping and le v e ll in g  o f the in te rg la c ia l  deposit 
a t  Stone, shallow auge r in g  and the use of a compass/ clinom eter to  determine 
cu rren t bedding floif d ire c tio n s . Ho mapping of the te rra c e  surfaces was 
attem pted as maps of the te rra c e  f l a t s  have been published in  Green (1946) 
and Everard (1954b) and while inaccuracies of d e ta i l  are  p resen t in  both 
these  maps, remapping was thought to  be unnecessary.
The gravels were sampled by Wentworth*s method (Wentworth, 1922) by 
tak ing  the la rg e s t  stone and then about tv/o pounds o f sand and gravel of 
a l l  c a lib re s  from around th is  s to n e . The gravel was sampled e i th e r  from 
the base of the  gravel o r a t  a measured d istance above i t  to  provide a 
datum fo r  comparison purposes.
I t  was hoped th a t comparison of s ize  and composition of the gravels 
would give an in d ica tio n  of the o rig in  of the g ravels and whether they 
were f lu v ia l  or marine bu t siev ing  by hand in  the labo ra to ry  to  f in d  the 
g ra in -s iz e  d is tr ib u tio n  and composition an a ly sis  proved inconclusive, 
th e re  being l i t t l e  v a r ia tio n  in  composition or s ize  in  samples from the 
extreme west to  the extreme e a s t of the area  under co nsidera tion , or 
indeed from one te rra c e  to  the n ex t. Tables of s ize  and composition from
4these  analyses can be found in  Table 2.
G rainsize an a ly s is  of the b ric k ea rth  proved more rewarding and 
indeed provided one of the main lin e s  of evidence in  determ ining the 
o r ig in  of th is  d ep o sit. Samples o f the b rick earth  were co lle c ted  from 
sev era l sec tio n s  and analysed by means of a s e t t l in g  column and p ip e tte  
( fo r  the exact method followed see Appendix A). The r e s u l ts  from these 
Hampshire samples were compared w ith analyses from o ther areas and the 
cumulative curves and histogram s drawn up from the inform ation obtained 
may be found as f ig s .  8 and 9»
A s e r ie s  o f p ro f ile s  was drawn across  the 1;25,000 map to  t r y  to  
e lu c id a te  the minor drainage development in  the F o rest. Most of these 
p ro f i le s  were discarded but severa l o f the c le a re r  examples of v a lley  
in c is io n  were re ta in ed  as i l lu s t r a t io n s  (see f ig ,  10), The in te rg la c ia l  
s i t e  a t  Stone Point was mappee and le v e lle d  by means of a tachyometric 
survey and a la rge  sca le  map ( f ig ,  12) was drawn from th is  survey. The 
making of th is  map was f a c i l i t a te d  by shallow augering w ith  a 4 inch 
bucket auger ( to  a maximum depth o f 12 f t . ,  5*7 m.) and the digging of 
numerous te s t  p i t s .  Augering a t  o ther s i te s  was im prac tica l because of 
the depth o f g ravel to  be pen e tra ted . However the exposures in  p i t s  and 
c l i f f  sec tio n s  proved adequate fo r  the examination of the  a rea . Several 
o f tliese exposures exh ib ited  cu rren t bedding s tru c tu re s  which were 
measured fo r  d ire c tio n  by means of a "Suunto" compass/clinometer and the 
r e s u l ts  p lo tte d  on the m p ( f ig ,  6 ) .
Previous l i te r a tu r e  on the P le istocene dep o sits  of Hampshire is  
l im ite d . The main p a rt of the area  under consideration  i s  fo re s t  and 
farmland w ith  only a few gravel p i t s  to  provide in land se c tio n s . (This 
lack  o f sec tio n s  may be con trasted  w ith th e , in  nany ways s im ila r , London 
B asin, where la rg e  amounts o f b ric k earth  and gravel have been dug in  many 
areas and the spiead of the c i ty  across the te rra c e s  of the  Thames has 
provided many temporary sections in  foundation trenches, e t c . . )  Because
5of th is  lack  of inform ation the Hampshire area  hag a t tra c te d  few previous 
w orkers•
In  Hampshire the one to p ic  in  which in te re s t  has been maintained 
i s  the concept o f a P le istocene R iver S o len t. This idea was f i r s t  ad­
vanced by V7, Darwin Pox in  1862. Further evaluation  of th is  R iver Solent 
was made by the o ff ic e rs  of the  Geological Survey (Strachan, 1896 j Reid, 
1902; ’^ l i t e ,  1915) and by Green in  the 1930*s and 40*s and f in a l ly  by 
Everard in  1954 (b ) .
The P le istocene  dep o sits  of the a re a , however, received l i t t l e  
a t te n t io n .  Green was mainly concerned w ith  the a rea  to  the west of the 
Avon and h is  excursions to  the area e a s t of th a t  r iv e r  were concerned 
alm ost e n t ire ly  w ith the te rra c e  surfaces ra th e r  than th e i r  d ep o s its . 
Everard’ s main concern too was the surface of the te rra ce s  and h is  paper 
( 1954b ) , despite i t s  advocacy of a marine o r ig in  fo r  the te r ra c e s , i s  a 
good example of the methods cu rren t in  the  1950’s fo r  the examination of 
r iv e r  te rrac e s  (see a lso  Hare, 1947 and Sealy, I 955 fo r  s im ila r  examples). 
Thus the deposits  of the te rra c e s  were la rg e ly  ignored by such workers 
as  examined the a re a . The one deposit in  south Hampshire which has been 
examined from a s tra t ig ra p h ie  p o in t of view i s  the in te r  g la c ia l  deposit 
a t  Stone P o in t, The deposit ( f i r s t  described by Reid in  1893) has a small 
fauna and a  ra th e r  la rg e r  f lo r a  which have been dated by West and Sparks 
( i 960) as  Ipswichian in  age and th is  date provides a u sefu l datum to  which 
o th er dep o sits  in  the a rea  can be re la te d ,
b) Channel Islands
In  the Channel Islands the evidence o f the Middle and Upper P le is to ­
cene sequence i s  la rg e ly  found in  the is lan d s  o f Je rsey , Guernsey and 
Alderney as shown on Admiralty Chart No,2669 (19&8), The sm aller islands 
and m ny o f the re e fs  and i s l e t s  shown on th is  ch a rt were v is i te d  in  the 
course o f th is  study but the main evidence from which the sequence of 
events can be b u i l t  i s  found In the c l i f f  sec tio n s  and sea caves of the
th ree  la rg e r  islands* The la rg e  is lan d s  are portrayed in d iv id u a lly  on 
maps, Je rsey  on a 1:25,000 map produced hy Hunting Surveys ( I 968) ;  
Guernsey on a 1:21,120 ( th re e  inches to the m ile) Ordnance Survey sheet 
( 1963) ;  and Alderney on a Department of M ilita ry  Survey 1:10,560 siieet
( 1966) .
The Channel Is lan d s , d esp ite  th e ir  containing in  a small space 
evidence o f many of the elements of Middle and Upper P leistocene sequences 
which elsewhere a re  spread over wide a re a s , have a lso  la rg e ly  been neg­
lec ted  from the po in t of view of the study of the  P leistocene* This is  
in  p a r t  due to  the is la n d s ’ c o n s titu tio n a l s ta tu s  and p a r t ly  due to  the 
is la n d s ’ geographical p o s itio n  in  being English is lan d s  o f f  the French 
ccm st. They have been to  some ex ten t ignored by both B r i t i s h  and French 
geologists*  Most of the pu b lica tio n s  on the is lan d s  have been in  the 
B u lle tin s  of the is lan d  s o c ie tie s  (th e  Société G uem esiaise and Société 
J e rs ia is e )*  This fh c t has in  i t s e l f  a s s is te d  in  h id ing  d e ta i ls  of the 
P le istocene  sequence frcm a  wider audience*
The only comprehensive treatm ents o f the is la n d s ’ P le istocene 
sequence p r io r  to  the presen t study have been a  review o f the evidence 
previous to  1933 by Mourant (1953) and a chap ter in  E lhaî ( I 963) in  h is  
wider study o f the P le istocene of Normandy. In d iv id u a lly  the is lan d s  
have been studied  more re c e n tly , Guernsey by George (1972 unpub.) and 
Je rse y , p r in c ip a lly  in  r e la t io n  to the u n riv a lled  P a la e o lith ic  s i t e  a t  
La Cotte de S t. B re  lad e , by Burdo ( I 966) and McBumey and Callow (1971)# 
However, the p resen t study i s  the f i r s t  attem pt since th a t o f Mourant 
( 1953) to  t r e a t  the is lan d s  as  a  whole and the f i r s t  attem pt ever to  
conduct a  survey based on mapping and d e ta ile d  fieldw ork. I t  i s  a lso  
the f i r s t  attem pt to  r e la te  the is la n d s ’ sequence to  th a t  in  an area on 
the  northern  side of the English Channel and so use th is  inform ation to  
bu ild  a sequence fo r  the Middle and Upper P le istocene of the English 
Channel c o a s ts .
In  co n tra s t to  the problems of environment and o rig in  encountered 
during  the  examination of th e  so n th  Hampshire g rav e ls , th e  Channel 
Is lan d s  P le istocene d ep o sits  are  f a r  le s s  ambiguous. The ra ised  beaches 
have always been regarded as in te rg la c ia l  in  age and complicated schemes 
of sea le v e l change have sometimes been erected  around the  f ie ld  evidence 
(see C o lle re tte , I 9I 6) .  Cold clim ates in  the is lan d s  have always been 
held  responsib le  fo r  the  head and loess  (Dunlop, 1911; D errick , 1892).
The so lid  geology of the is la n d s , composed as i t  i s  of hard g ran ite  
and gneiss and indurated  sedim ents, p reserves the evidence o f h i ^  sea 
le v e ls  much b e t te r  than the s o f t T e r t ia r ie s  o f south Hampshire. T his, 
to g e th e r w ith  the presence of many sea caves contain ing  rock-cu t notches 
and bench d ep o sits , makes i t  possib le  to  b u ild  up a long sequence of high 
sea le v e ls .  As in  Hampshire the sequence can be seen to  include a l l  the 
ra ise d  beach lev e ls  below I 30 f t .  (40 m.) and so take in  much of the 
Middle, and a l l  of the Upper P le is to cen e . Above th is  le v e l no in  s i tu  
marine deposits  have been found and d e ta i ls  of the sequence are  le s s  c le a r  
than below I 30 f t .  (40 m .).
The d ep o sits  of the  Channel Is lan d s  were somewhat e a s ie r  to  examine 
than those of Hampshire. Many ex ce llen t co as ta l sections occur and these 
were c lo se ly  examined. The inform ation from these sec tio n s was supple­
mented by shallow augering which was p a r t ic u la r ly  necessary on the  h i ^ e r  
ra ise d  beaches in  Guernsey which are  p a r t ly  covered by s o lif lu c te d  lo e ss . 
As no geo log ical maps o f the P le istocene d ep o sits  of the Channel I s le s  
e x is t  (th e  prime purpose of the  work in  the is lan d s  ivas the  production of 
maps fo r  p u b lica tio n  by the I n s t i tu te  of Geological Sciences) a l l  o f the 
is lan d s  were mapped and the manuscript maps deposited  w ith the I n s t i tu te .  
The composition o f the ra ised  beach g ravels  was in v estig a ted  by means of 
stone counts, although th e  h i ^ e r  beaches have too few exposures to  allow 
counts to  be made, so composition an a ly s is  was r e s t r ic te d  to  the 25 f t .  
( 8 m.) ra ise d  beach.
Reference to the h e i ^ t  of a bench or te rra c e  renmant in  the te x t 
re fe r s  no t to  an exact measured h e i ^ t  un less s ta te d  bu t to  the height 
envelope in to  which the deposit f a l l s  (see fig s .l7&  35 )• In  the Channel 
I s le s  the  th ree  m in  heigh t envelopes a t  100 f t .  (50 m .), 60 f t .  (18 m.) 
and 25 f t#  (8 m.) can be separated by the  occurrence of an c ien t c l i f f s  
and the amount of d issec tio n  of the landscape providing th re e  c le a r  
groups fo r  the  deposits to  f a l l  in to . In  Hampshire such a d iv is io n  i s  
not so c le a r  a l th o u ^  again  evidence o f te r ra c e  f l a t s  occurs a t  100 f t .
(50 m .), 60 f t .  (18 m.) and 25 f t .  (8 m .). In  tlie case o f deposits 
which occur between the h e i s t s  mentioned above a c a re fu l examination of 
the  topographical and s tra tig ra p h ic a l  context of the deposit i s  conducted 
before p lac in g  the  deposit in  any of the  groups above. As w il l  be seen 
below the  r is e  and f a l l  of the  le v e l of the sea th r o u ^  the P leistocene 
has caused the evidence o f marine and f lu v ia l  erosion to  appear a t  a l l  
he igh ts  in  the landscape. Some s t i l l s t a n d s  produced more prominent 
fe a tu re s  than o thers and i t  i s  suggested th a t the th ree  main Middle and 
Upper P le istocene s t i l l s ta n d s  a re  described by the th ree  heigh t envelopes 
above.
Reference to  these lev e ls  does no t n e cessa rily  imply any c o rre la tio n  
w ith  the sea le v e l sequence devised by Zeuner (1945, 1946) a l th o u ^  the 
p resen t au thor agrees w ith Zeuner in  regard ing  the th ree  h e i ^ t  envelopes 
c ite d  above as the th ree  major s t i l l s ta n d s  o f the Middle and Upper P leistocene.
Where possib le  in  the p resen t work the names o f stages w ith  which ce r­
ta in  dep o sits  can be co rre la ted  follow  the nomenclature o f M itchell, Penny,
Shotton and West (1973). A lth o u ^  the sequence in  the  Channel Islan d s i s
*  *
so ex tensive th a t a good case can be made fo r  reg ard in g  i t  as  a type area  
fo r  th e  marine sequence in  non -g lac ia l areas of western B r ita in , no attem pt 
has been made to  put forward new stage names because of the already  over­
crowded mass of names in  the l i te r a tu r e  (see Lexique S tratig raphique
In te rn a tio n a l,  Faso. $a, X III) , The only name not used hy M itchell 
e t  a l ,  i s  the name I lfo rd ia n , which follow ing Kurten ( I 968) i s  used 
fo r  the te r ra c e  and ra ised  beach a t  around 60 f t .  (18 m.) O.D.
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PART I
Chapter I .  South Hampshire -  In troduction
a) So lid  Geology
The area stud ied  l i e s  w ithin the Hampshire Basin syncline and the 
so lid  geology i s  composed in  the main of s o f t  T e rtia ry  sedim ents. On 
the I s le  o f Wight the s tee p ly  folded Chalk o f the I s le  o f Wight -  Purbeck 
monocline outcrops as the southern edge of the Hampshire Basin and th is  
i s  the c lo se s t th a t the Cretaceous o r e a r l ie r  rocks come to  the a rea .
(a la rg e  p a r t of the cen tre  o f  the Hampshire Basin i s  submerged, e ith e r  
under Poole and Christchurch Bays o r S p ith ead .) The Chalk forms the rim 
o f the Hampshire Basin and the o r ig in a l drainage o f the  basin  was from 
the "rim" inwards. This has had an im portant bearing on the co n s titu en ts  
o f the P le istocene deposits in  th a t  a major p a r t  o f  these deposits  i s  f l i n t .
The main bulk o f the T e rtia ry  rocks in  the  New F orest a rea  are o f 
Upper Eocene and Oligocene age. These rocks form a v a riab le  s e r ie s  o f 
f lu v ia l ,  e s tu a rin e  and shallow marine c la y s , s i l t s  and sands. Within 
these deposits a re  th in  seams o f  l ig n i te  (e sp ec ia lly  in  the Lower Headon 
beds o f Hordle c l i f f ) ,  th in  lim estones (th e  Bembridge Limestone o f the 
I s le  o f Wight i s  best known), and horizons o f sep ta rian  nodules, some of 
very la rg e  s iz e ,  which are  e sp ec ia lly  w ell marked in  the Lower Barton beds 
o f H ig h c liffe . At th is  l a s t  mentioned s i t e  these iron  concretions may 
reach a length  o f over 2 f t .  (6o cm.) fo r  e l l i p t i c a l  nodules and even la rg e r  
fo r the ta b u la r  masses sometimes exposed to  examination on the foreshore by 
c l i f f  f a l l s .  At Becton Bunny (SZ 252926) the Middle Barton beds a lso  
ex h ib it sp ec tacu la rly  la rg e  iro n  concretions (see P la te s  30 and 31)*
Because of the s o f t  nature  o f the T e rtia ry  deposits and th e ir  lack  o f 
re s is ta n c e  to  erosion , they have few n a tu ra l outcrops in land  from the co ast. 
The only susta ined  sec tio n  i s  in  the c l i f f s  from H ighcliffe  (SZ 202929) to  
M ilford (SZ 284916) where, except a t  the eas te rn  end o f the sec tio n , very
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a c tiv e  c l i f f  erosion causes a near v e r t ic a l  c l i f f  to  occur. Inland 
v i r tu a l ly  the only places where the T e r tia r ie s  are  exposed are  in  ex­
cavations such as the gravel p i t s  a t  Pennington west p i t  (SZ 308930} where 
the green (when fre sh ly  dug) c lay  o f the Headon beds can be seen in  the 
f lo o r  o f the p i t  (see P la te s  9 and 10).
The P le istocene gravels o f  the New Forest show only s l ig h t  evidence 
o f  erosion  o f the underlying T e r tia r ie s  in  th e ir  c o n s titu e n ts . The la rg e  
s e p ta r ia  o f the co as ta l sec tio n s  mentioned above quickly break down and 
only very  occasional fragments occur in  the g rav e ls , and these invariab ly  
occur in  the f in e s t  p a r t (3350 microns) o f the gravel f ra c tio n . The s o f t  
sands and clays probably provide much o f the  m ateria l which makes up the 
sandy and s i l t y  len ses  in  the g rav e l. I t  i s  a lso  l ik e ly  th a t much o f the 
sand in  the b rick ea rth  i s  o f T e rtia ry  o rig in  and lo c a lly  derived although 
some o f the m ateria l in  the b ric k ea rth  may be o f d is ta n t  d eriv a tio n  and 
have been brought to  south Hampshire by wind a c tio n .
The T e rtia ry  deposits  o f the area  stud ied  contain  very l i t t l e  f l i n t  
o r ch e rt and indeed only very occasional bands o f pebbles in  otherw ise 
sandy o r clayey deposits* . As the  Lower T e rtia ry  outcrop i s  traced  west­
wards i t  becomes in creasin g ly  stony u n t i l  in  Dorset both the Heading and 
Bagshot Beds a re  p rim arily  g ravel (Geol.Surv. Regional Handbook, 1936)#
Most o f the very round and genera lly  small (one inch , 2 .3  cm.) c a lib re  pebbles 
in  the P le istocene gravels  must have come v ia  the Upper Solent River (o r 
p resen t E. Stour and R. Frome) from the Bagshot Beds outcrop around Warehara 
and the Reading Beds outcrop near D orchester. These derived pebbles a re  
mostly q u artz , ch e rt and f l i n t  but some f a r  tra v e lle d  m ateria l a lso  occurs
Such pebbly bands can be seen in  the Upper Bracklesham beds o f 
Barton c l i f f .  The pebbles th e re , which are  ty p ic a l o f those in  the 
lo c a l T e rtia ry  d ep o sits , a re  sm all (2 .5  cm.) and are  very w ell 
rounded.
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inc lud iug  sch o rl, veined g r i t  and ra d io la r ia n  c h e r t . These pebble types 
sake up a small but p e rs is ta n t co n s titu en t of the P le istocene gravels 
throughout the south Hampshire area  (Green, C .P ., I965, 1973, 1974).
(Tables of g ra in -s iz e  and composition w ill  be found in  Table I . )  The 
presence of the chalk has had a g re a t influence on the P le istocene 
d ep o sits  of the area in  th a t  i t  has supplied up to  n inety  per cen t of 
the m a te ria l in  these dep o sits  ( th e  f l i n t )  although the chalk i s  e n t ire ly  
absent i t s e l f  frcmi these d e p o s its .
b) R e lie f  and drainage p a tte rn  development
The p resen t drainage p a tte rn  o f south Hampshire i s  the r e s u l t  of the  
In fluence of the mantle of su p e rf ic ia l  deposits  coupled with the frequent 
c lim a tic  and base le v e l changes of the  P le is to cen e . The r e l i e f  of the 
T e rtia ry  outcrop is  due to  the e f fe c ts  of th ese  changes ra th e r  than any 
l i th o lo g ic a l  d iffe ren ce s .
The New F orest gravels r i s e  to  the north-w est from the p resen t coast­
l in e .  The maximum heigh ts  a tta in e d  by them are  420 f t*  (128 m.) in  the 
north-w est a t  Bramshaw Telegraph (SU 250142) and 427 f t .  ( I 30 m.) on the 
no rthern  side of A rre t on Down (SZ 548872) and Mersley Down (S2 558874) on 
the  I s le  of Wight. These very high gravels cover sm all areas only as  do 
those a t  around 36O f t .  (IO9.7  m.) on S t. George’s Down (SZ 513865) on the  
I s le  of Wight, and indeed as  do a l l  the areas of gravel mapped by Everard 
(1954b) above I 50 f t .  (45.7 m .). Below I 50 f t .  (45 m.) the g ravels become 
much more ex tensive  and Everard (1954%) c i te s  f iv e  lev e ls  below th is  heigh t 
tren d in g  south-w est to  n o rth -eas t inland from the coast from Barton (SZ 239930) 
to  Soutliampton W ater.
The two m in  d esc rip tio n s  of the te rra c e s  (as d i s t in c t  from th e  
d ep o sits)  were by Green (1946) and by Everard (1954%), In  the area  below 
150 f t*  (45 m.) Everard describes te rraces  a t  I 50 f t .  (45 m .), 100 f t .
(30 m .), 70 f t .  (21 m .), 35 f t .  ( 10.7 m.) and 15 f t .  (4 .6  m.) above O.D.
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Green, who worked in  the Bournemouth a rea , p re fe rs  to  a t t r ib u te  the 
te rra c e s  to a  "Boyn H ill"  te rra c e  a t  150 f t .  to  120 f t .  (45 m. to  36.6 m .), 
an "Upper Taplow" te rra c e  a t  120 f t .  to  90 f t .  (36.6  e . to  27.4 m .), a " F irs t  
Lower Taplow" te rra c e  a t  100 f t .  to  50 f t .  (30 m. to  15.2 m. ) (Green cor­
r e la te s  th i s  te rra c e  with the  Bransgore te rra ce  o f the Avon a t  70 f t . ,
21.3  m.) and a "Second Lower Taplow" te rra c e  below 50 f t .  (15.2 m.) and 
in  the f lo o rs  o f the  north-south  stream s cu ttin g  the Bournemouth ch ines.
As can be seen from these he igh ts  i t  i s  not c le a r  exactly  what are 
the  l im its  o f each te r ra c e . Complications in  measuring the heigh t o f 
te r ra c e  remnants abound. The fa c t th a t  in d iv id u a l te rra c e s  are  without 
b lu ffs  to  back them has long been re a lis e d  and indeed the mapping o f 
the  Geological Survey in  re fe r r in g  to  the g ravels  as p la teau  gravel c le a r ly  
shows the p lace the g ravels occupy in  the landscape. Bury (1923) suggested 
th a t  the g rav e l-fre e  a re a s , such as th a t  o f the upper Beaulieu R iver, 
were due to  the g ravel "p ro tec ting" the  T e r tia r ie s  by allow ing p re c ip i­
ta t io n  to  perco la te  through i t  w ithout eroding the su rface . The Impermeable 
T e r tia r ie s  on the o ther hand were exposed to  the f u l l  fo rce o f erosion and 
so were reduced la  le v e l .  This suggestion was l a t e r  re s ta te d  by Everard 
(1954b). Wîiether th is  process occurs o r not (and there  i s  no c le a r  evidence 
fo r  o r ag a in st i t ) ,  some au th o rs, notably Everard (1954b) have followed i t  
fu r th e r  by suggesting th a t  the water p erco la tin g  through the gravel lowers 
the T e r tia r ie s  and cambers the edges o f the gravel "blocks" and hence 
causes confusion in  id e n tif ic a t io n  o f te rra c e  lev e ls* .
I t  seems th a t th is  cambering does not in  fa c t occur under c lim atic  
conditions as they are  a t  p re sen t. In the long c l i f f  exposure from High­
c l i f f e  to  M ilford desp ite  the presence o f many springs and seepages from 
below the  gravel no cambering o f the g ravel can be seen. These seepages 
a re  o ften  perennial (or quasi-perenn ia l) and even in  the d r ie s t  weather 
s t i l l  continue to  flow, with the g re a te s t flow r a te s ,  as would be expected, 
occurring  over the  clayey fa c ie s  o f  the Barton beds a t  Barton (SZ 239930)#
In f a c t / . . .
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The tran sv erse  slopes o f the te rra c e s  are  o ften  la rg e . Some examples 
a re  given by Green (1946). He s ta te s  (1946, p .95) "The Boyn H ill  near 
Bournemouth shows f a l l s  in  p laces o f over 15 f t .  (4 .6  m.) per m ile, the 
Upper Taplow f a l l s  12 f t .  (5#6 m.) , and the F ir s t  Lower Taplow c o n s is ten tly  
f a l l s  about l 8 f t*  (5*5 m.) per m ile". Ihese slopes are in  some co n tra s t to  
the lo n g itu d in a l slopes which a re  o ften  s l ig h t  or absent as fa r  as they can 
be measured. Green (1946) genera lly  re fe r s  to  the te rra c e s  to  the e a s t o f 
the Avon as the "ho rizon tal segments" because o f th is  low slope . Everard 
(1954b) suggests th a t i f  any downstream g rad ien t e x is ts  in  these te rrac e s  
i t  i s  below 6 inches per mile (15 cm. per 1.6  km.) which fo r  h is  purposes 
he regarded as im percep tib le . The examination o f an area  o f separated 
blocks o f g rav e l, which in  many re sp ec ts  seems to  be a  continuous sheet of 
gravel divided only by recen t e ro sio n , i s  g re a tly  complicated by the g rea te r  
tran sv erse  than lo n g itu d in a l s lo p e . C orre la tions across the  te rrac e  may make 
fo r  a r t i f i c i a l l y  wide l im its  fo r the upper and lower edges o f  a te rra c e  
while the extremes o f P leistocene erosion and base le v e l change may make the 
in c lu sio n  o f le v e ls  o f d if fe re n t ages in  the same te rra c e  p o ss ib le . Even 
the  p rec ise  measurements o f Everard do not give s u f f ic ie n t  grounds on th e i r  
own fo r dating c e r ta in  le v e ls  and they may even lead  to  the assumption o f
con t. from previous page
In fa c t where slope f a i lu re  in  the c l i f f s  occurs the gravel co llapses 
in to  i t s  co n s titu en t pebbles ra th e r  than stay ing  in  a coherent mass to  
take p a r t in  any cambering. The gravel in  fa c t  w ill w ithstand l i t t l e  
undermining before i t  co llapses and the bulldozing o f p a r ts  o f  the c l i f f  
a t  Barton in  19&9 as a s ta b i l i s a t io n  work had, by 1971» re su lte d  in  the 
form ation o f la rg e  ta lu s  cones, but no cambering of the gravel had 
occurred and in  the areas between the  ta lu s  cones a s t i l l  v e r t ic a l  c l i f f  
p ro f i le  remained.
Under a  d if fe re n t clim ate in  the P le is to cen e , however, i t  i s  p o ss ib le , 
w ith frozen ground cond itions, th a t  the cambering described by Bury could 
take place as freezing  would perhaps give the gravel the cohesion necessary 
to  keep i t  in  a  block while the  underlying T e r tia r ie s  were sapped. ( I t  
may be, however, th a t  the very conditions necessary to  consolidate the 
g ravel so th a t cambering could take p lace , namely freezing  o f the ground, 
would in h ib i t  perco la tion  o f water and sapping o f the T e r t ia r ie s .)
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spurious degrees o f accuracy. % e sm all d iffe ren ces  in  the he igh ts  o f  
some o f the te rra c e s  mentioned by both Green and Everard may be o f l i t t l e  
s ig n ifican ce  and separated  by only sh o rt periods o f time w ithin  one 
episode o f dep o sitio n .
In the landscape o f south Hampshire th ere  are th ree  main groups o f 
te r ra c e s .  The h ighest occurs between 150 f t .  and 90 f t .  (45 m. and 2? m. ) 
w ith a  po ssib le  break between the two le v e ls  around 110 f t .  ()4  ®,) . In to  
th is  "heigh t envelope" comes Green’s  "Boyn H ill"  and "Upper Taplow" and 
Everard’s  I 50 f t ,  (45 m.) and 100 f t .  (50 m.) te r ra c e s . The in term ediate  
te rra c e  l i e s  between 65 f t .  (19 m.) and 50 ft#  (15 m.) and takes in  Green’s  
" F irs t"  and "Second Lower Taplow" te rra c e s  and Everard’s 70 f t .  (21 m.) 
te r ra c e .  The low est te rra c e  occurs below 30 f t .  (9 m.) and takes in  
Everard’s 35 f t .  (10.7 and 15 f t .  (4 ,6  m.) te r ra c e s .
The sep ara tio n  o f these th ree  te rra c e  groups by the p resen t author 
i s  la rg e ly  based on the recogn ition  in  the f ie ld  o f the  most s ig n if ic a n t 
slope breaks in  what seems a t  f i r s t  to  be a continuous sheet o f  g rav e l. 
These breaks between the te rra c e s  can be seen most c le a r ly  In  the long 
c l i f f  sec tio n  between M ilford and H ig h cliffe  but even here they are  obscure. 
F u rther e a s t d if fe re n tia t io n  o f te rra c e s  i s  very d i f f i c u l t  except in  ra re  
cases (see P la te  2) and even exact measurements such as those undertaken 
by Everard are o f l i t t l e  use. The work o f Green and Everard in  mapping 
the deposits  has , however, provided a valuable base from which a l l  subse­
quent work can s t a r t .
The main streams bounding the area under study (Avon, Test and Itchen) 
have occupied th e ir  p resen t v a lley s  fo r  a considerable period o f tim e, 
perhaps throughout the P le is to cen e , but the sm aller streams between these 
systems show two main d ire c tio n a l components which may rep resen t a t  le a s t  
two periods o f drainage p a tte rn  development. Reid, 1902b, p .35, fig u res  a 
map which shows the Upper Avon flowing in to  Southampton Water and the  lower
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Avon being only a small tr ib u ta ry  o f the S tour, I t  i s  extremely doubtful 
i f  th is  drainage p a tte rn  ever occurred -  as Reid l a t e r  re a l is e d , see White, 
1917 -  because the Lower Avon v a lley  gives every in d ica tio n  of g rea t 
a n tiq u ity  in  i t s  presen t course.
However, the mechanism proposed by Reid (1902b) fo r  the capture 
o f  h is  upper Avon by the lower, namely headward erosion o f stream s due to  
a f a l l  in  base le v e l ,  and hence the shortening  o f the route to  the  lo c a l 
base le v e l fo r north-south  trending  stream s, has operated f a i r ly  re ce n tly . 
P re fe re n tia l  re juvenation  o f the north -sou th  drainage a t  the expense of the 
north-w est to  so u th -east streams has been responsib le  fo r several captures 
on the small streams o f the  Beaulieu and Lymington River systems.
The main component in  the o r ig in a l drainage p a tte rn  o f the area  between 
the two main r iv e rs  was a north-w est to  sou th -east one. The upper Lymington 
and upper Beaulieu r iv e rs  both ex h ib it th is  trend  and indeed may both 
rep resen t the dismembered p a r ts  o f the same system (T rem lett, 1965)* The 
Avon Water and the upper p a r ts  o f the severa l small stream s feeding Sowley 
Pond (SW 378965) aud Pylewell Pond (80 361954) a lso  follow th is  north-w est 
to  sou th -east tre n d . This p a tte rn  has been dismembered by a l a t e r  element 
trend ing  in  a north  to  south d ire c tio n  exem plified by the lower Lymington 
and lower Beaulieu R ivers. This d isru p tio n  o f a north-w est to so u th -east 
system by a north-south  one was o r ig in a lly  suggested by Trem lett (I965) fo r  
a sm all area o f the Beaulieu River system but the p rin c ip le  seems to  be 
ap p licab le  to  a l l  the minor stream s between the Avon and Southampton Water. 
C areful examination o f the  1:25,000 map shows severa l examples in  each o f 
the  Lymington R iver, Beaulieu R iver, and Avon Water systems o f capture o f 
minor stream s by headward erosion from the sou th .
The two main trends o f the  minor stream  p a tte rn  follow the two conpo- 
nenta o f slope o f  the te rra c e s  o f the Solent R iver. This coincidence 
between the slope o f the te rra ce s  and the d ire c tio n  o f flow o f the minor
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stream s i s  very marked. The north-w est to sou th -east stream s follow 
the downstream slope o f the Solent River ( a t  le a s t  to  the west o f  Beaulieu) 
while the capturing  north-south  element follows the tran sv erse  slope a t  
nearly  r ig h t-an g le s  to  the trunk stream* These minor stream s were probably 
in i t i a te d  on a cover of gravel or alluvium of the Solent River and pro­
ceeded to  evolve th e ir  p resen t p a tte rn  in  response to  the changes in  base 
le v e l o f  the S o len t. While the trunk stream flowed a t  le v e ls  over 100 f t .  
(50 ffl*) above the p re sen t, the d ire c tio n  o f the minor drainage seems to  
have been p a ra l le l  to  the S o len t. As base le v e l changes caused the Solent 
to  cu t i t s  channel down and to  flow a t  a  lower level#  la rg e  expanses o f 
s tee p ly  sloping ( re la t iv e  to  the g en tle  downstream slope) transverse  
te r ra c e  su rfaces were l e f t  free  from p erio d ic  d isturbance by the sh iftin g #  
b ra id ing  channels o f the Solent and so developed th e i r  own "pseudo- 
consequents". These stream s, with the advantage o f s teep er slope and 
sh o rte r  course to  the lo c a l base le v e l ( i . e .  the lo c a l le v e l o f the  Solent 
R iver) eroded progressively  northwards to d is se c t the e a r l i e r  north-w est 
to  so u th -east system.
The evidence fo r these cap tu res  can be seen on any o f the  streams 
from the area between the Avon and Southampton Water. Trem lett (19&5) 
describes a wind gap a t  (SÜ 325055) e a s t o f Balmer Lawn where the no rth - 
south sec tio n  o f the Lymington River has captured the north-w est to  south­
eas t trending  headwaters o f the Beaulieu R iver. Whether th is  dry v a lley  
described by Trem lett i s  a  tru e  wind gap o r n o t, a sharp southwards bend in  
the Lymington River occurs a t  th i s  po in t and a d is t in c t  change in  v a lley  
form from a  v id e , open v a lley  to  a  narrow steep  sided trough occurs a t  th i s  
p o in t (see photos and cross p ro f i le s ,  F ig . 10, P la tes  4 -6 ). A s im ila r  
change in  v a lle y  cross p ro f ile  occurs on the Dane’s  Stream and Avon Water 
and sev era l extremely sharp and rig h t-an g led  junctions can be seen where 
the Walkford Brook has captured many o f  the  f i r s t  o rder headstreams o f  the
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Dane’s Stream* (Many o f th is  s e r ie s  of captures can be seen on the 
1 :25,000 map and have been examined on the ground.)
These v a lley  excavations and captures were conducted on a cover o f 
gravel deposited  by the Solent River probably under a more severe clim ate 
than the one in  the area a t  p re sen t. D iscussion o f the exact c lim atic  
regime under which the north -sou th  sec tio n s  o f these v a lley s were cu t w ill  
take p lace below. The form o f these  v a lley s  such as th a t  o f the  Dark 
Water (SZ 453985) however i s  tro u g h -lik e  with steep  s id es  and very f l a t  
bottoms over which a  very reduced stream , compared to  the s iz e  o f the 
v a lle y , proceeds. These stream s may b es t be described as c lim atic  (or 
ru n -o ff)  m is f its  because th e i r  d iscordant re la tio n sh ip s  w ith th e ir  v a lleys 
i s  due to  c lim atic  change and a g re a t decrease in  ru n -o ff . (Some o f the 
stream s in  these deep trough v a lley s  a re  very sm all indeed. The v a lley  
cu t through the 60 f t .  ( l 8 m.) s tage near Norleywood (SZ 355974) has a 
sm all stream  in  i t  which i s  e a s ily  fordable by ord inary  motor veh ic les  
while the  small v a lle y  below N elson 's Place (SÜ 471005), although o f con­
s id e rab le  s iz e  (25 f t .  (8 m.) deep by 300 f t .  (91.4 m.) wide) has a l l  i t s  
drainage contained in  an 8 f t .  (2 .4  m.) wide ’’cu t"  (see P la te  8 ).
While the minor drainage o f the  area  i s  o f la te  development w ith i t s  
f in a l  stage  being perhaps very recen t (see below. Chap. VI ) as has been 
s ta te d  above, the basic p a tte rn  o f the major streams has probably remained 
unchanged through the P le is to cen e . However, considerable d e ta i l  changes in  
the courses o f the  Avon and Stour p a r t ic u la r ly  seemed to  have occurred. The 
Avon may have been the major co n trib u to r to  the flow o f the Solent R iver, and 
i t  was c e r ta in ly  one o f the main co n trib u to rs  o f sediment to  the trunk 
stream  (see above). Because o f the power o f the Avon i t  seems to  have 
d iverted  the  Solent River southwards a t  i t s  po in t o f en try  o f the main 
stream . The junction  o f the Stour and Avon must c e r ta in ly  have been fa r th e r  
south even beyond the p resent coast as the severa l te rrace  le v e ls  on
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Rengistbury Head (SZ I 78907) and below H ighcliffe  C astle  (SZ 202921) 
demonstrate* A fin e  example o f a buried  r iv e r  c l i f f  occurs in  the  25 f t#
(8 m.) s tag e  below H ig h cliffe  C astle  where a  gravel f i l l e d  channel, backed by 
a b lu f f ,  can be seen. The ancien t b lu f f  and te rra c e  below i t  are  covered by 
coarse sand which i s  probably s o lif lu c te d  from the lo c a l Brackleshaia beds in  
which the b lu f f  i s  cu t* . This b lu f f  provides evidence fo r  the junction  o f 
Avon and Solent being beyond the p resen t co ast in  25 f t .  (8  m.) times a t  
l e a s t .  v r  V , ; -  - vr  jr;!, 4 - - , ;  ' r
' The stream junctions being fu r th e r  to  the  south than a t  p resen t may 
have pushed the Solent south a lso  causing i t  to  Impinge on thO chalk o f  ' 
i t s  south bank so hasten ing  the f in a l  break-up o f  the Solent system. The 
en try  o f the Test and Itchen  in to  the Solent may a lso  provide ran example - - 
o f powerful t r ib u ta r ie s  d iv e rtin g  the main stream  to  th e  south* The ro le  
o f  th ese  d iversions in  the f in a l  d es tru c tio n  o f  the Solent w ill  be discussed 
more fu l ly  below (Chap# VI )J  ^ thÿ lo-ft
The i s l e  of Wight drainage system has been su b jec t to  the same In -  •: 
fluences as th a t  o f the New Forest b u t 'th e  north-south  element i s  more 
dominant than on the Mainland and the  basic  p a tte rn  may be o f g re a te r  a n tiq u ity  
than the r e la t iv e ly  youthful mainland drainage n e t. On the Island  very l i t t l e  
o f  the south-west to  n o rth -eas t element o f the mainland e x is ts •- 5his may be 
due in  p a r t  to  the  g re a te r  in fluence o f  the so lid  geology on the drainage 
p a tte rn .  A considerable amount o f  th e  I s la n d 's  drainage r is e s  on the chalk 
and flows on i t s  outcrop fo r some d istance and i t  i s  probable th a t  the  
o r ig in a l  watershed on the chalk was in  p o s itio n  ea rly  in  the P le istocene  
and subsequent events modified i t  bu t S lig h tly  leaving  a  g re a te r  p a r t  o f  
the Is lan d ,' p a r t ic u la r ly  a t  i t s  western end, su b jec t to  th e  more normal 
processes o f  drainage development on a  so lid  rock base ra th e r  than to  
development from superinç>osition on a homogenous cover o f g ravels as on
* See sketch  in  White, 1917#
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the mainland.
The lower courses o f the I s la n d 's  streams are  more drowned than those 
o f the mainland, i . e .  the Newtown River (3Z 417919), western Yar or Medina. 
To the north  o f the chalk outcrop none o f the streams has any la rg e  
t r ib u ta r ie s  and the  north -sou th  tre n c h -lik e  v a lley s  are  s im ila r  to  those 
o f the mainland and w ell marked. The Medina below Blackwater (SZ $06864) 
i s  only jo ined by two second order stream s out o f a to ta l  of th ir te e n  
t r ib u ta r ie s  o f f i r s t  o r second order jo in in g  th is  stream . This may in d i­
ca te  a recen t o r ig in  fo r the lower courses o f the major north -sou th  streams 
with no stream  having had time to  e s ta b lis h  ascendancy over i t s  neighbours.
A s im ila r  lack o f t r ib u ta r ie s  can be seen on the lower Lymington and 
Beaulieu Rivers though here the d iscordan t re la tio n sh ip  o f the lower courses 
o f these stream s to  the upper courses i s  more re a d ily  apparent. I t  may be 
th a t while the lower Medina and the  o th e r north  flowing stream s o f the 
Islan d  were in i t i a te d  on a cover o f Solent g ravel l ik e  the lower Lymington 
and Beaulieu R ivers, the course they followed was merely a re-occupation  of 
th e i r  o ld  courses from the e ra  before the Solent g ravels  were deposited 
ra th e r  than e n t i re ly  new courses l ik e  those followed by the  north  bank 
t r ib u ta r ie s  o f the S olent.
D espite the  g re a te r  s im p lic ity  of the drainage ne t on the Island  some 
cap tures have occurred . At Merstone (SZ $28842) the eas te rn  Yar seems to  
have captured the headwaters o f the Medina. This capture may be more due 
to  the s tru c tu ra l  in fluences o f the outcrop o f the lower Greensand than 
to  any d iffe ren ces  in  slope as on the  mainland. Headward erosion  along 
the impermeable Greensand may have been a s s is te d  by acce le ra ted  co as ta l 
erosion in  the Sandown area sending successive re juvenations up the Yar 
without a change in  sea le v e l .  S im ila rly  co a s ta l erosion has beheaded the 
western Yar leav ing  i t s  former headwaters hanging above Brightstone Bay 
(SZ 445798) and forming the famous ch ines. These deeply in c ised  v a lley s
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are s im ila r  to the ’’Bunnies" o f the mainland*.
The minor drainage o f the New Forest can be seen to  be o f  some 
com plexity. The exact s tages in  i t s  development w ill  be fu rth e r  con­
s idered  below.
The southern end of th is  beheaded Yar Valley i s  only a t  10 f t .  (3 m. ) 
above p resen t sea le v e l a t  i t s  lowest po in t and so only a sm all r i s e  in  
sea le v e l would sever West Wight from the r e s t  o f the Is la n d . This 
process was presumably responsib le  fo r  the destru c tio n  o f the chalk rid g e  
west o f the  Needles in  the Late P le is to cen e .
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Chapter I I .  The G ravel.
Previous workers in  the New Forest (p rin c ip a lly  Green, 1946, and 
Everard, 1954&) concentrated on the te rra c e  su rfaces to  th e  exclusion 
of the gravel deposits  which u n d erlie  these su rfaces. As m ny of the 
s tru c tu re s  and fea tu re s  of the sedimentology of the gravels reoccur on 
severa l of the te rra c e s  examined, no attem pt has been made to  d iscuss 
th ese  fe a tu re s  te rra c e  by te r ra c e .  The main fea tu re  which d is tin g u ish es  
one te r ra c e  from another i s  the heigh t of the te rra c e  surface so in  th is  
chap ter f i r s t  the  d eposits  of the te rra c e s  w il l  be described and then 
the te rm c e s  them selves.
a) In tro d u c tio n
The g3^ v e l covers the te rra ce s  everywhere in  the area where the  
te r ra c e  su rfaces were examined except perhaps on the 25 f t .  (S m.) stage 
o f the western Tar where no c le a r  exposures of gi^ivel could be seen. 
(However, even here f ie ld s  on the te rra c e  surface had stones on the 
surface and a stony s o i l  so gravel was probably p resen t below the sur­
fa c e .)  Everard (1954a) s ta te s  th a t  the 25 f t .  (8 m.) te rra c e  surfaces 
around Marchwood (SH 584100) and Southampton Common (StT 415145) &re cut 
p a r t ly  in  the so lid  and p a r tly  on the g rav e l, while White (191?) describes 
a te r ra c e  a t  C l i f f  End, H ig h c liffe  (SZ 202951) where an old c l i f f  in  the 
Avon's 25 f t .  (S m.) stage i s  p a r t ly  cu t in  the so lid  Bracklesham Sand 
and p a r t ly  in  g rav e l. I t  has no t been p ossib le  to  v e r ify  Everard*s ob­
serv a tio n s  due to  the lack  o f exposures in  the areas concerned while a t  
C l i f f  End the exposure described by White i s  now obscured by a sea w all 
and f i l l  80 the re la tio n sh ip  of the gravel to  the T e rtia ry  deposits 
cannot be made o u t.
b) Gravel th ickness
The th ickness of the gravel i s  f a i r l y  uniform on the te rra c e s  a t  
around 15 to  20 f t .  (4 .6  m. to  6 .1  m.) although some i r r e g u la r i t ie s  
occur in  the top of the T e r tia r ie s  a t  H a l l 's  P i t  (SU 450019) ini the
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60 f t .  (18 m.) te r ra c e , and v a r ia tio n s  in  the th ickness o f the  gravel 
th e re fo re  occur. As much as 50 f t .  (9 .U  m.) of gravel i s  p resen t in  
some p a r ts  of H a l l 's  P i t .  (An exact measurement of g ravel th ickness 
i s  d i f f i c u l t  a t  H a l l 's  P i t  because o f the lack o f c le a r  exposure o f the 
underly ing  T e r t ia r ie s . )  Codrington (1870) suggests th a t the g ravel 
a t  Hordle (SZ 269920) in  the 60 f t .  (18 m.) te rra c e  w as'18 to  20 yards 
th ic k ” ( i . e .  16.5 m. to  18.5 m. th ick ) in  1789. He s ta te s  t i ia t  the  
c l i f f  i s  r e t re a t in g  a t  the  r a te  o f  a yard (.914  m.) per year so th a t  
these  g re a t th icknesses o f gravel were i n  s i t u  only 6 0  to  80 yards 
( 54,9 m. to  75.15 m.) from the p resen t ( i . e .  I 870) c o a s tlin e . Codrington 
a lso  desc iib es  exposures around h a lf  a mile ( 8O4 m.) in land  of these 
c l i f f  exposures which a re  only 5 f t .  (91.44 cm.) th ic k . This tremendous 
th icken ing  o f the g ravel may be due to  the presence o f  a  buried  channel 
in  the 60 f t .  (18 m.) s tage  and th is  p o s s ib i l i ty  w i l l  be d iscussed 
fu r tl ie r  below (see  secticm . F ig . 18). C erta in ly  th e  only comparable 
th icknesses of g ravel in  the area  a t  p resen t a re  those which f i l l  the 
Devensian burled  channel o f f  Spithead. Whitaker ( I 9IO) describes a 
90 f t .  ( 27.45 El.) th ickness o f  g ravel and sand i n  the w ell boring fo r  
Homan P ort (SS 659958) and a l th o u ^  these  sediments are s ta te d  to  be 
"recen t marine d ep o sits” and some of th e  th ickness may be p o s t-P le is to -  
cene, the bulk of these  g ravels  must be a buried channel f i l l ,  probably 
o f  l a te  P le istocene age .
In  a d d itio n  to  the i r r e g u la r i t ie s  o f th e  base o f  th e  g ravel causing 
the d ep o sits  to  th icken  as  a t  H a l l 's  P i t ,  in  some areas (a lso  in  H a l l 's  
P i t  and in  Pennington East P i t )  the gravel th in s  over the  underlying 
T e r t ia r ie s .  At H a l l 's  P i t  a "p ro jec tio n ” in to  the base o f  th e  g ravel 
seems to  take the form of an e y o t- lik e  fe a tu re  o rie n ta te d  in  a p a r a l le l  
d ire c tio n  to  the flow of the stream which deposited  the gravels as shown 
by th e  cu rren t bedding. The gravel was up to  20 f t .  (6 m.) th ick  on
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e i th e r  s ide  o f th is  p ro jec tio n  of stoneless sand hut no gravel could he 
seen on th e  "eyot" i t s e l f .  A small th ickness of g ravel on the "eyot" may 
have heen removed hy quarrying as the sand of the eyot was heing exp lo ited  
hy the g ravel d iggers and the re la tio n sh ip  of the  g ravel on e i th e r  side  of 
the "eyot" was obscured hy h a c k - f i l l in g  in  the p i t  hut en o u ^  of the expo­
sure was s t i l l  v is ib le  to  show tl ia t  considerable th icknesses o f  g ravel had 
been rep laced  by T e rtia ry  sand fo r  a narrow a rea  o f th e  p i t  (see P ig . I 5) .
At Pennington (SZ 5I I 936) in  the 2$ f t .  (8 m.) te r ra c e , 20 f t .  (6 m.) 
o f h o r iz o n ta lly  bedded g ravel in  the  west p i t  i s  rep laced  in  the  e a s t p i t  
(100 yards -  91*4 m. -  to the  e a s t)  by only 10 f t .  to  I 5 f t .  (3 m. to  
4 .6  m.) of very  sandy g ra v e l. According to  the  quarrymen, th e  gravel 
th in s  away to  noth ing  on the north  s id e  o f  the e a s t p i t  ( a l th o u ^  th is  
proved im possible to  v e r ify  due to  b a c k - f i l l in g  o f the p i t  w ith  ru b b ish ). 
However, 200 yards (182.8 m.) fu r th e r  to  the  n o rth  a  face l e f t  beside an 
o ld  g rassed  over p i t  reveals  a  15 f t .  (4*6 m.) th ickness o f g rav e l. I t  
seems p ossib le  th a t  a s im ila r  "eyot" occurs in  th is  p i t  as w ell as  a t  
B lack fie ld  bu t the d e ta i ls  o f i t  a re  u n fo rtu n a te ly  even more obscure.
o) Gravel composition and p a r t ic le  shape
a t  tlie o u tse t o f th i s  ix irt o f  tlie present study i t  was hoped th a t  
examination o f th e  composition o f the g ravels o f  the  te rra c e s  o f  south 
Hampshire would provide some evidence o f th e i r  o r ig in  and perhaps a s s i s t  in  
suggesting an environment of deposition . Reference to  th e  ta b le s  o f  compo­
s i t io n  (Table l )  shows th a t  th e re  i s  l i t t l e  cliange in  gravel com position from 
te r ra c e  to  te r r a c e .  Except f o r  a  r i s e  in  ex o tic  m ate ria l in  the  100 f t .  ($0 m.) 
te r ra c e  a t  H ig h c liffe  (probably assoc ia ted  w ith a d iv ersio n  to  the e a s t o f th e  
Avon), no s ig n if ic a n t trends in  the  amount o f e r r a t ic  m a te ria l p resen t could 
be found. Almost a l l  the g ravel samples show over 80^ o f f l i n t  w ith  quartz  as 
the  next most numerous m a te r ia l. The quartz  i s  most abundant in  the  J  inch 
( 6.25  mm.) o r 1/8 Inch (3550 micron) f ra c tio n . (Bury, 1925, s ta te s  th a t
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quartz  i s  most abundant in  the -J- inch (12.5 mm.) f ra c tio n  in  the Stour 
g ravels  to  th e  w est of the  Avon.) The m ajority  of quartz  in  th e  f in e r  
f ra c tio n s  to  th e  e a s t may r e f le c t  the increase of f in e r  m ateria l from 
the Avon (Green, I 965 unpub.). 'Whatever s ize  f ra c tio n  the quartz occurs 
in , i t  is  always v ery  well-rounded and so is  c e r ta in ly  derived from th e  
T e r t ia r ie s  to  tlie west as described  in  Chapter I .  The o ther minor con­
s t i tu e n ts  of the g ravel are  an asso rtn ^n t of Lower Greensand ch e rt and 
sandstone ( th e  l a t t e r  o ften  very  bleached and w eathered), small fragments 
o f  sarsen , occasional very w ell-rounded fragm ents o f  vo lcan ic  rock ànd 
pebbles of sandstone and s i l ts to n e  of lower Palaeozoic a sp ec t. The w ell- 
rounded c o n s titu e n ts  a l l  have th e i r  o r ig in  (as  f a r  a s  south Hampshire i s  
concerned) in  the T e rtia ry  pebble beds although son© of the sarsen and 
greensand may have been rounded in  the P le istocene  by the constant b a tte r in g  
o f the harder f l i n t s .  The pebbles derived  from the T e r tia r ie s  show a  
narkedly g re a te r  degree of roundness than the m ostly P le istocene eroded 
f l i n t  because the T e rtia ry  marine cond itions provided a f a r  b e t te r  rounding 
environment than the f lu v ia l  conditions o f the P leistocene in  whose deposits 
they now r e s t* .
Apart from these " e r r a t ic ” m ateria ls  the main c o n s titu e n t o f  the  
g ravel i s  f l i n t .  The amount of f l i n t  from the Lower T e r tia r ie s  to  the 
west has been s ta te d  (above) to  be only a very  sm all p roportion  o f the 
t o t a l  amount of f l i n t  in  the P le istocene  g rav e ls , so the major i n i t i a l  
source fo r  the f l i n t  must have been the chalk  outcrop. The Lower Chalk
* Bury, 1923,  described pebbles o f g ra n ite  and porphyry as  w e ll as 
the " e r ra t ic "  types described  above in  h is  in v es tig a tio n  o f the Stour 
g rav e ls . Bury a lso  s ta te s  th a t  the  quartz  percentage in  the g rav e ls  
west o f th e  Avon i s  as  much as  2.%  fo r  the g ravels  o f the  Solent and 
10^ f o r  the g ravels of the S tour. These percentages drop markedly 
to  the ea s t of the Avon probably due to  the " d ilu tio n ” of the quartz  
by the Avon f l i n t .
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and Upper Chalk of the I s le  of Wight and a l l  three d iv is io n s  o f the chalk 
on the mainland a re  f l in ty  to  a g re a te r  or le s s e r  degree and v a s t  amounts 
of f l i n t  must have heen re leased  in to  the r iv e rs  o f the a rea  during the  
g re a tly  acce le ra ted  erosion  of the P le is to cen e .
At sane lo c a l i t i e s  in  the area  under d iscussion  th e  f l i n t  i s  f re sh , 
having only re c e n tly  ( r e la t iv e  to  some o f the polycyclic m te r i a l  present 
in  the g ravels) heen eroded from the  chalk . At Cadland (SU 475005) in  
the 25 f t .  (8 m.) te r ra c e , massive cobbles o f f l i n t  up to  12 inches (50 cm.) 
by 4 inches (10 cm.) occur both in  the g ravel and a lso  in  otherwise stone- 
le s s  sandy lenses w ith in  the g ra v e l. These cobbles preserve th e i r  white 
clialky patina  alm ost undamaged and have been tran sp o rted  only a sh o rt 
d is ta n c e , perhaps by f lo a tin g  ice  in  the case of th e  cobbles in  the sandy 
len se s . In  ad d itio n  to  the s n a i l  amount of fre sh  f l i n t  in  the g ravels  
th e re  a re  a lso  p resen t a few b lue/g rey  f l i n t s  which appear to  have been 
favoured by P a la e o lith ic  man fo r  working in to  hand axes. Almost a l l  of 
the worked f l i n t s  found during  th is  work have been of th is  b lue/grey  f l i n t ,  
and the Acheulian implen©nt from H a l l 's  P i t  (SZ 450019) was of th is  
m a te ria l (see  P la te  52).
Apart from these minor examples, however, alm ost a l l  the f l i n t  in  
the south Hampshire gravels i s  red o r reddish-brown and iro n  s ta in ed .
Some horizons even have iro n  concretion  lay ers  in  them in  a discontinuous 
fash io n . Codrington (1870) th o u ^ t  th a t  t h i s  s ta in in g  of the gravel 
could be used to  separate  an upper ( le s s  s ta in ed  or bleached) gravel from 
a lower (red  or very  oxidised) g rav e l. While the top  o f the g rav e ls  i s  
o ften  bleached, there  i s  no uniform ity  in  the depth of bleaching, as 
would occur i f  th e  colour change was a  d ep o sitio n a l fe a tu re , so no 
d if f e re n t ia t io n  on these grounds can be made. At Stone Poin t the g ravel 
underly ing  the organic deposits  i s  c h a ra c te r is t ic a l ly  f a r  more oxidised 
tlian the  25 f t .  (8 m.) te rra c e  g ravel which o v erlie s  them. However, 
these  two gravels can be divided on s t r i c t  s tr a t ig ra p h ic a l  grounds, so
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the co lour i s  o f no s ig n if ic an c e .
In  H a l l 's  P i t  in  the summer of I 969 tlie w estern face o f the  p i t  
was cu t hack to rev ea l -trwo continuous bands of black s ta in in g  on the 
sto n es , one a t  a depth of 12 f t .  (5 .6  m.) and the o ther a t  a depth of 
6 f t .  (1 .8  m.) from the su rface . Both these “tends of s ta in in g  were 
around 6 inches (15 cm.) th ick  and occurred as  coatings on ind iv idual 
stones and sand g ra in s . Samples from these horizons were taken and th e  
coatings when analysed in  the  lab o ra to ry  were found to  be manganese 
d iox ide . The cmiganese d iox ide d id  not a c t  as  a  cement to  the gravel 
but in d iv id u a l sand g ra in s  were stuck to  the  stones by i t .
These manganese horizons were continuous over a d istance  of 30O f t .  
( 91.4  El.) and continued in to  the face o f the p i t  fo r  up to  5 f t .  ( 91.4 cm.) 
as shown by the i r r e g u la r i t ie s  of the face  cu t by drag line  used in  the  p i t .  
The occurrence of manganese dioxide in  g ravels i s  o ften  evidence o f 
f lu v ia l  deposition  (Woodward, I 909,  c i te s  sev era l examples o f manganese 
in  the g ravels  and even b rick ea rth s  o f  the  Thames) as i t  i s  concentrated 
by f lu v ia t i l e  v egeta tion . I t  seems u n lik e ly  th a t  ^ t e r  p lan ts  could grow 
in  a stream  spreading g ravel of the  c a lib re  o f much of the m ateria l in  
H a l l 's  P i t  so the manganese may be due to  a  primary p re c ip ita tio n  (as 
suggested by Woodward) o r to  p re c ip ita tio n  from groundwater w ith th e  two 
horizons in  the face  a t  H a l l 's  P i t  rep resen tin g  a  perm afrost tab le  o r 
some o th er p o s t-d ep o sitio n a l su rface .
The co n s titu en ts  of the g rav e l, the ind iv idual pebbles, show no w ell 
rounded examples, w ith the exception of the "T ertia ry ” pebbles described 
above, which are  mainly confined to  the sm aller s iz e  g rades. Even in  
th e i r  p re fe rred  s iz e  grades these w ell rounded pebbles are in  a  m inority  
and the overwhelming m ajority  of the  pebbles are  angular f l i n t s  w ith  only 
s l ig h t ly  rounded edges and fre sh  f ra c tu re  s c a rs . The very w ell rounded 
f l i n t  cobbles which occasionally  occur in  the  g ravels are  most probably 
derived from the Eocene o f the n o rth  of th e  Hampshire Basin (Green, I 965, 
unpub.).
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D espite the fa c t tlia t HEiiiy of the pebbles in  each te rra c e  may have 
been through several d if fe re n t episodes o f erosion through the P le istocene 
i t  i s  only these "T ertia ry ” pebbles th a t  a re  w ell rounded. Each te rra c e  
was b u i l t  in  p a rt by ca n n ib a lisa tio n  of i t s  immediate predecessor but 
the in d iv id u a l pebble was never moving through the  system long en o u ^  
fo r  i t  to  be w ell rounded in  the  P le is to cen e , e sp ec ia lly  no t in  a f lu v ia l  
environment*.
d) Boulders in  the g ravel
In  a few lo c a l i t i e s  from M ilford (SZ 288915) ^ s tw a rd  large  boulders 
o f sarsen  occur in  the g ravels of the  60 f t .  (18 m.) and 25 f t .  (8 m.) 
te r ra c e s .  The o r ig in  of these  hard q u a r tz ite s  i s  obscure but they  may 
rep resen t the l a s t  remnants o f an eroded T e rtia ry  form ation or perhaps 
ju s t  s i lc r e te d  remnants o f one o f the  pure Eocene sands such as occur in  
the Bagshot o r Barton beds. These sarsens c h a ra c te r is t ic a l ly  occur as 
very  la rg e  boulders in  the  g ravel although pebbles o f many s ize s  down to  
the sm alle s t g ravel f le c t io n  ( 0.07 i n s . ,  over 2 mm.) occur. A lth o u ^  
these boulders can be found a t  a l l  le v e ls  in  the gravel (Codrington, 1870, 
and Bury, 1955» c i te  examples o f boulders o f unsta ted  s iz e  8 f t .  (2 .5  m.) 
above the top o f the  Eocene g ravel boundary), i t  seems th a t  the  la rg e s t  
o f  them occur a t  i t s  base. Bury (1955) s u ^ e s t s  th a t  the  boulders may 
be in  s i t u  where tl©y formed on top  o f th e  Eocene. This seems u n lik e ly  
as  the very  la rg e  sarsens described  below from Pennington (SZ 508950) 
were r e s t in g  on the Headon beds c lay  which i s  q u ite  un like  th e  coarse 
quartz  sandstone of the  sarsens so could hard ly  have provided the m a te ria ls  
fo r  th e i r  concretion* Also the  surface below th e  g ravel a t  Pennington i s  
not a  burled  Eocene surface bu t the bench o f th e  25 f t .  (8 m.) te rrac e  
which was cut in  th e  Upper P le is to cen e .
* The period any p a r t ic le  spends in  tra c t io n  and is  hence su b jec t to  
wear i s  very  s m l l  compared w ith  the  leng th  o f  time a  p a r t ic le  spends in  
sto rage in  a  contemporary d ep o sit -  Leopold, Wolman & M ille r  (19&4)*
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At M ilford-on-Sea (sZ 288915) w ell rounded 12 to  18 inch (50-45 cm.) 
boulders of sarsen  occur throughout the g ravel of the  25 f t .  (8 m.) 
te r ra c e .  Photograplis in  Everard, 1952 (unpub.) show some of these boulders 
which appear to  be considerably  la rg e r  than any a t  p resent v is ib le  in  the 
c l i f f s .  In  Pennington west p i t  (SZ 508950) conspicuously water-worn ( i . e .  
covered w ith  c h a tte r  marks and percussion scars) but angular sarsens can 
be seen beside the p i t .  The very  la rge  s ize  o f  these  blocks (up to  5 f t .  
by 2 f t .  by 2 f t .  -  150 cm. x 60 cm. x 60 cm.) and th e ir  o r ig in a l p o s itio n  
(one i s  in  place in  the bottom of the g ravels  while the others were dug 
from th is  p o s itio n  according to  the quarrjonen) would seem to  suggest th a t 
Bury ( 1935) was co rrec t in  a t t r ib u t in g  th e i r  form ation to  concretion  on 
top  o f the Eocene and in  suggesting th a t  they  are in  s i t u .  However, as 
mentioned above, the  lo ca l Eeadon c lay  and the  q u a r tz ite  of the  sarsens 
a re  t o t a l l y  d if f e re n t  and as the blocks a re  covered on a l l  v is ib le  surfaces 
w ith  marks In d ic a tiv e  of tra n sp o rt in  a gravel moving environment the 
blocks cannot be in  s i t u .  I t  i s  u n lik e ly  th a t  w ith  th e  shallow stream 
g rad ien ts  which must have been present a t  th e  time o f the deposition  of 
the 25 f t .  (S m.) te r ra c e , th e  blocks of sarsen  could have been moved by 
f lu v ia l  a c tio n  a lone, whatever th e  increase in  discharge due to  acce le ra ted  
ru n -o ff , and i t  i s  most l ik e ly  th a t  the  blocks of sarsen  were transported  
to  th e i r  p resen t p o s itio n  by d r i f t  ic e  In  some form*. Some of the sm aller 
boulders figured  by Everard a re  however s u f f ic ie n t ly  rounded to  have been 
a t  le a s t  p a r t ia l ly  formed by f lu v ia l  a c tio n  although th is  would not take 
long , as  nmny of the sarsens are poorly  cemented.
J .B . B ird , I 967,  found th a t  the la rg e s t boulders in  the channels o f  
the Yukon and Mackenzie R ivers o f Canada were pressed in to  the  r iv e r  
bed by ice  to  form a  boulder la y e r . The presence o f  la rg e  sarsens a t  
the base o f the gravel a t  Pennington may in d ic a te  the operation  o f a 
s im ila r  process in  a c tio n  a t  th e  time of the deposition  o f the  25 f t .  
(8 m .)  te rra c e  g rav e ls .
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e) Sediment blocks in  the gravel
At Barton C l i f f  (sZ 259929) s ta b i l is in g  operations during the 
summers of I 968 and I 969 re su lte d  in  a clean p ro file  cut in to  the 100 f t .  
(50 m.) te r ra c e . Several examples of blocks of s i l t  and blocks of sand 
were examined (see P la te  I 5) .  In a north -sou th  section  cut to  allow 
e a r th  moving nachinery on to  the u n d e r -c lif f  a large  block o f coarse, 
ferrug inous sand l i e s  in  the g rav e l. The ex ten t of th is  sandy block i s  
d i f f i c u l t  to  a sc e r ta in  as only one dimension i s  revealed in  the section  
but th is  one face alone i s  5 f t .  by 5 f t .  ( 1.52 m. x 9I .4  cm.) in  s ize  so 
the block must be q u ite  a la rg e  one o v e ra ll. The o rig in  of th is  block i s  
d i f f i c u l t  to  decide b u t, in  view of the fa c t  th a t  i t  i s  e n t ire ly  surrounded 
by g rav e l, i t  must have been incorporated in  the gravel in  a p a r tly  con­
so lid a ted  condition  although a t  p resen t i t  i s  completely unconsolidated. 
This block o f sand may have been incorporated  in  the gravel in  a frozen 
s ta te  and quickly  buried out of the reach of erosion . The block i s  not a 
block of the lo c a l T e rtia ry  rocks incorporated in  the g rav e l, because i t  
con tains flak es  of f l i n t  (up to  about 10^ o f tlie block, and e a s ily  recog­
n isab le  by th e i r  whiteness in  co n tra s t to  the ferruginous s ta in in g  of the 
quartz  g ra in s which make up the o ther of the block) which none o f the 
lo c a l T e r t ia r ie s  does. Also the T e r tia r ie s  a re  ra re ly  iro n -s ta in ed  while 
the P le istocene  d eposits  commonly a re , so i t  i s  probable th a t th i s  block 
of sand i s  an eroded piece of an e a r l ie r  P leistocene deposit incorporated 
in  the g ravels  o f  the 100 f t .  ( 5 0 m.) s tag e .
Near to  th is  block of sand a re  o ther inc lusions in  the g ravel. These 
blocks a re  composed of more s i l t y  sand than the previously  described one 
and one of them r e s ts  a t  an angle of 25° to  the h o rizo n ta l in  the g rav e l. 
This block was a lso  revealed by the c l i f f  works in  I 968-9 (see P la te  I 4 ) 
but by 1972 was obscured by v egeta tion  and s i l t  washed from above. The 
block i s  around 2 f t .  (60.8 cm.) th ic k  and extends up to  10 f t .  (5 .0  m.) 
in to  the g rav e l. The g ra in -s iz e  an a ly s is  of samples taken from th is  block
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show a marked a f f in i ty  w ith the gra in -s iz e  d is tr ib u tio n  in  samples of 
tlie b r ic k e a rth  (compare histogram No, 56 on figu re  8 w ith the o thers on 
th is  graph) and the block and the o thers around i t  may be blocks of 
alm ost contemporaneous m ateria l incorporated in  a frozen s ta te  in  the 
g rav e l, F u rth er force i s  given to  th is  suggestion by the presence of a 
f in e  seam, perhaps 1 inch (2,5  cm.) th ic k , of gravel which l i e s  below 
th is  s i l t  block and appears to  have been forced in to  the underlying Upper 
Barton sands by the weight of the block a t  the time of deposition*.
As w ell as the la rge  block of s i l t  described above, the sec tio n  a t  
Barton contains numerous sm aller inc lusions of various shapes from blocky 
to  lo b a te . Some o f these s i l t  blocks were so curved th a t i t  was o r ig in a lly  
thought th a t they were formed by cryo tu rbation ; but examination of the 
gravel surrounding the blocks gives no evidence o f any d istu rbance, so 
the v a r ie ty  of shapes may be due to  d if f e r e n t ia l  erosion  of the block in  
i t s  frozen s ta te  by moving f l i n t  gravel a t  the time o f i t s  incorporation  
in  the g rav e l.
F urther inclusions o f aggregates occur in  the gravel a t  Cadland 
(SU 475005) where the bottom 9 inches (22.5 cm.) to  12 inches (50 cm.) 
of the g ravel of the 25 f t .  (8 m.) te rra c e  are  composed o f ro lle d  b a lls  
o f c l a y / s i l t  up to  6 inches (15 cm.) in  diam eter. These b a lls  r e s t  in  a 
th in  bed of sandy s i l t ,  l i t t l e  th ic k e r  than th e i r  d iam eter. These b a l ls  
may have been eroded from the c lay  o f the Upper Headon Beds which outcrops
* Wymer, I 968, describes sev era l blocks of chalky coombe rock which 
were incorporated in  the Taplow te rrac e  of the  Thames near Iv e r , while 
Shotton, 1968, describes blocks of s i l t  s im ila r  to  those a t  Barton 
incorporated  in  the bottom of the Avon No.2 te rra c e  a t  Brandon. This 
te rra c e  was formed in  the aggradation which marked the onset of the 
l a t e  Devensian g la c ia tio n . Czudek and Bemek, I 97O, while not p r in c ip a lly  
concerned w ith f lu v ia l  erosion , in c id e n ta lly  provide evidence fo r  how 
s i l t  blocks could be incorporated  in to  f lu v ia l  g rav e ls . They suggest 
th a t  therm o-abrasion niches under-cut the banks o f streams causing them 
to  c o llap se . I f  th is  occurs during bankful, as i t  w ell may, the f a l le n  
blocks of s i l t  shown in  Czudek and Bemek* s diagram, p .106, would soon 
be buried  in  g ravel.
52
a t  sea lev e l about 2 miles (5*2 km.) to  the south-west a t  p resen t.
Whatever the o rig in  of these b a l ls  they must in d ica te  very lim ited  
tra n sp o rt as such so ft pebbles would soon be destroyed in  a gravel moving 
environment. These c lay  b a l ls  a t  Cadland probably owe th e i r  p reservation  
to  the rap id  erosion  and deposition  which occurred in  the b ra id in g  streams 
of the P le is to cen e . (F u rther d iscussion  of the environmental im plications 
of th ese  c lay  b a l ls  w ill  be undertaken below, Chap.lVb.)
f)  Current bedding
Previous w rite rs  on the te rra ce s  of south Hampshire, no tably  Everard 
(1954a) and Green (1946), paid  l i t t l e  a t te n t io n  to  the composition of the 
gravels and likew ise almost d isregarded  the s tru c tu re s  w ith in  the g rav e ls . 
Everard (1954a) s ta te s  th a t the bedding of the gravel i s  ho rizo n ta l in  a l l  
in  s i tu  sec tio n s , while Green ( I 946, 1947) iBakes no mention of s tru c tu re s  
in  the gravel a t  a l l .  In  f a c t ,  although much of the gravel i s  h o rizo n ta lly  
bedded (see P la te s  9 ^nd lO ), there a re  considerable cu rren t bedded s tru c ­
tu re s  v is ib le  in  many exposures. Current bedding i s  e sp ec ia lly  no ticeab le  
in  sand lenses w ith in  the g rav e l. At M ilford (S2 285915), where the c l i f f  
sec tio n  in  the 25 f t .  (8 m.) stage has h a lf  of i t s  th ickness in  sand a t  
some p o in ts , f in e  gravel i s  mixed w ith the sand and provides w ell marked 
l in e s  of pebbles to  po in t out the s tru c tu re s .
Measurements were made of the cu rren t bedding d ire c tio n s  wherever 
they could be found. The d ire c tio n s  obtained were p lo tte d  on the map 
(f ig u re  6 ) , The d ire c tio n s  were measured by means of a simple compass/ 
clinom eter and only s i t e s  where i t  was c e r ta in  th a t  a  tru e  d ire c tio n  of 
the  cu rren t bedding was being determ ined, i . e .  only faces w ith two dimen­
sions v i s ib le ,  were measured. Uni-dimensional faces were ignored as i t  
was found impossible to  avoid ju s t  læ asurIng the  trend  of the face o f the 
quarry ra th e r  than the cu rren t s tru c tu re s . From these measurements twelve 
cu rren t bedding d ire c tio n s  were obtained, th ree  on the 100 f t .  (50 m. ) 
te r ra c e , four on the 60 f t .  (18 m.) te rra c e  and f iv e  on the 25 f t .  (8 m.)
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te r ra c e .  A ll of these d ire c tio n s  f e l l  between 220° and 540° n o rth , a l l  
thus in d ica tin g  a broad e a s te r ly  flow fo r  the water d epositing  the g ravel. 
A ll the angles of the in d iv id u a l cu rren t bedded laminae were below 25° 
w ith the determ inations in  sand lenses dipping a t  a s l i # i t l y  g re a te r  
angle than those in  gravel (15° average a ^ i n s t  11° average). These low 
angles of d ip  fo r  the cu rren t beds a re  probably due to  the fa c t th a t the 
beds were deposited by f lu v ia l  a c tio n  in  shallow v/ater as  the lev e l of 
the stream  f e l l  from b an k fu ll.
At H a l l 's  P i t  (STJ 450020) the cu rren t bedding is  accompanied by 
im brication  s tru c tu re s  w ith  the pebbles p o in tin g  in  the opposite d ire c tio n  
to  the cu rren t bedding i . e .  upstream as opposed to  the downstream trend  
o f the cu rren t bedding. Rust (1972) suggests th a t  upstream im brication 
i s  ty p ic a l of a braided stream  as f a r  as "p laty" pebbles a re  concerned.
The angular f l i n t s  ty p ic a l of the south Hampshire gravels presumably be­
have as "p la ty" pebbles ra th e r  than R u st's  o ther c la s s  which i s  " ro lle r"  
shaped pebbles. Most o f the f l i n t s  in  south Hampshire a re  f a r  too angular 
to  be considered as " ro l le r s "  in  any way. H a ll 's  P i t  i s  the only s i te  
where d e f in ite  im brication  s tru c tu re s  can be seen. At Barton (S2 259950) 
and H ig h c liffe  (SZ 215951) erected  stones can be seen in  the gravel but 
these  have no coherent im brication  d ire c tio n  and are probably due to  f ro s t  
heaving.
g) Channels in  the gravel
Previous w r ite rs , e sp ec ia lly  Green (1946), regarded the g ravels  o f 
south Hampshire as a veneer spread across benches cut in to  the T e r t ia r ie s .  
As has been shown above, the g ravel i s  by no means the uniform th ickness 
described by Green o r Everard (1954a)* The g ravel a lso  contains f in e r  
m ate ria l channelled in to  i t s  top a t  severa l p laces . At Hordle C l i f f  
(SZ 265922) in  the 60 f t .  (18 m.) s tag e , a sand f i l l e d  channel 8 f t .
( 2.45 m.) deep and apparen tly  500 f t .  (152 m.) wide i s  cu t in to  the g rav e l. 
The channel i s  cu t e n t ire ly  in  the gravel and i s  separated  from the
T e r t ia r ie s  below the gravel by 2 f t .  (60 cm.) of g rave l. The channel's  
sandy f i l l  fe a th e rs  out evenly on each side of the cen tre  o f the channel 
forming a symmetrical open p ro f i le .  A s im ila r  wide, shallow, channel 
occurs in  the 25 f t .  (8 m .)  stage a t  Hengistbury Head (SZ I 8O905) where 
a 3 f t .  ( 91.4  cm.) deep, apparen tly  500 f t .  (91.4 m.) wide channel f i l l e d  
w ith  coarse sand i s  s e t  in  the g rav e l. As a t  Hordle th is  sandy channel 
f i l l  i s  separated from the lo c a l T e r t ia r ie s  ( in  th is  case the Bracklesham 
sands) by about 6 inches (15 cm.) of g ravel. Both the above described 
channels are  overla in  by the b ric k ea rth  which appears to  truncate  the 
g ravels  and sandy channel f i l l  in d if fe re n tly .  I t  i s  possib le  th a t the 
sandy channel f i l l s  are  an in te rim  deposit interm ediate in  type between 
the extreme flow conditions in d ica ted  by the gravels and the q u ie te r  
conditions s ig n if ie d  by the b r ic k e a rth s .
Also a t  Hengistbury Head the 60 f t ,  (18 m.) te rrace  i s  cut by a 
channel s im ila r  to  those already  described . In  th is  case, however, the 
channel, which i s  a la rg e  one up to  20 f t .  (6 m.) deep and apparently  
900 f t .  (274 m.) wide, and f i l l e d  w ith sand, has a fu r th e r  f in e  g rav e lly  
channel l e t  in to  the top  of the sandy f i l l .  This g ravel -  sandy channel 
f i l l  -  g ravel succession probably rep resen ts  a sequence of bm ided channel 
d ep o sits  or a cliange in  the flow regime of th e  Avon o r Stour which pre­
sumably deposited  these  g rav e ls . The o ther channels described a t  Hordle, 
however, cannot be re fe rre d  to  any p resen t stream and may represen t former 
braided courses of the Solent R iver. Because of th e i r  p o s itio n  a t  the top 
o f v e r t ic a l  c l i f f s  of Eocene sediments i t  i s  impossible to  examine the 
channels and th e i r  f i l l s  c lo se ly  to  see i f  there  is  any p a r t ic le  im bri­
ca tio n  or o ther d ire c tio n a l s tru c tu re s . I t  i s  probable th a t th e  marine 
erosion  which has cu t the sec tio n s through the gravel has cut sec tio n s  a t  
an oblique angle to  the trend  o f the channels so th a t  they  in  f a c t  do not 
trend  no rth -sou th  as i t  appears from su p e rf ic ia l observation .
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Chapter I I I .  The B rick earth .
a) In troduction
The b ric k ea rth  of south Hampshire i s  widespread on the te rra c e s  o f 
the area and esp ec ia lly  th ick  on the  100 f t .  (30 m.) and 60 f t .  ( I 8 m.) 
te rra c e s  a s  shown by the long co as ta l sec tio n  a t  H ighcliffe  (SZ 215931) 
and Hordle (SZ 269921), The geo log ical survey maps of the area show only 
lim ited  areas o f b rick earth  b u t, as Kay (1939) and Everard (1952 unpub.) 
have both pointed o u t, th is  deposit i s  more widespread than in d ica ted  on 
the survey maps and indeed probably accompanies the gravel everywhere i t  
outcrops a t  a g re a te r  or le s s e r  th ick n ess.
b) Thickness
At Barton (SZ 239930) the b rick earth  has a maximum th ickness o f over 
8 f t .  (2.5  SI*) and i t  i s  a lso  w ell developed below Hordle House (SZ 269920) 
where a maximum th ickness o f 6 f t .  (1 .8  ra.) oouurs. The 25 f t .  (8 m.) 
te rra c e  i s  almost devoid o f  b ric k e a rth . At M ilford (S2 2829I 6 ) only about 
1 f t .  (30 cm.) o f f in e  sand mixed with stones can be seen while fu rth e r 
e a s t near Stone Point (SZ 458985) about I 8 inches (45 cm.) o f b rickearth  
can be seen on top o f  the g ra v e l. On the 25 f t .  (8 m. ) te rra c e  a t  Sowley 
Pond p i t  (SZ 375965) the b rick ea rth  i s  only 1 f t .  (30 cm.) th ick  and 
to ta l ly  absent from the western face of the p i t .  However, around Sowley 
Pond even though the b rick ea rth  i s  th in  i t  completely covers the gravel 
because the  s o i l  revealed  in  ploughed f ie ld s  shows a c h a ra c te r is t ic  loamy 
tex tu re  which always occurs over b ric k e a rth .
At H ig h cliffe  (SZ 21593%) the b rick earth  of the 100 f t .  (30 m.) stage 
th in s  to  only 1 f t .  (30 cm .). The sec tio n  here may be p a r tly  d istu rbed , 
however, and the top o f the gravel contains f a r  B©re fin e  sand than i s  
u sua l, so some p e r ig la c ia l  o r organic mixing o f the b rick earth  and the top 
o f the gravel must have occurred. The b rick earth  a lso  th in s  in to  the minor
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v a lley s  o f Chewton and Beeton bunnies but again th is  i s  due to  d istu rbance, 
probably by man# In inland exposures a s  a t  Pennington and H a ll 's  P i t  no 
b ric k ea rth  can be seen. Whether th is  i s  due to  an o r ig in a l lack  o f 
b rick ea rth  o r to subsequent removal i s  u n ce rta in , although the l a t t e r  i s  
most l ik e ly  as the method o f gravel ex trac tio n  used in  these p i t s  req u ires  
the removal o f most o f the over-burden of the gravel before ex p lo ita tio n  
o f the gravel can begin. Gravel digging has a lso  hidden the th ickness of 
the b ric k ea rth  a t  East End (SZ 366976) in  the 60 f t .  ( I 8 m.) stage where 
no th ickness o f b rick ea rth  can be seen a t  a l l  in  th is  very overgrown p i t .  
Again the g ravel i s  very loamy a t  th i s  lo c a l i ty ,  probably in d ica tin g  the 
thorough mixing o f the gravel and b rick earth  by the people who o r ig in a lly  
dug the  p i t .
As can be seen from the above quoted examples, the b rick ea rth  seems 
to  be o f d if fe re n t th icknesses on d if fe re n t te rrac e s  b u t, as f a r  as can be 
seen from the exposures a t  p re sen t, the th ickness o f the b rick earth  on any 
one te r ra c e  i s  more uniform.
c) S truc tu res
2he b rick ea rth  i s  s tru c tu re le s s ,  un like e i th e r  such deposits as the 
f lu v ia l  loams o f the Thames te rra c e s  (such as those in  the B arnfield P i t ,  
Swanscombe, see photograph in  Wymer, I 968) o r the lo ess  o f con tinen ta l 
Europe (Zeuner, 1959)* However, recen t alluvium may be s tru c tu re le s s  in  
the same way as the b rick earth  i s ,  but i t  tends to  be inter-bedded with 
the channel deposits  ( e ith e r  sand o r g ravel) o f the stream* In co n tra s t 
the b ric k ea rth  always has a p lanar boundary with the underlying g ravel with 
no suggestion o f channeling o f the b rick ea rth  in to  the gravel o r any in te r ­
fin g e rin g  o f one deposit in to  the o th e r.
d) G rainsige
To a tte n p t to  determine the  exact o r ig in  o f  the b ric k ea rth , samples
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were taken a t sev era l lo c a l i t ie s  along the c l i f f  sec tio n  from H ighcliffe  
to  M ilford where the b est exposures occur* These samples, together with 
a fu rth e r  sample from Downend (SZ 555879) on the I s le  of Wight and o thers 
from Selsey and the  Thanet b ric k ea rth  o f Kent, were subjected  to  g ra in ­
sige an a ly s is  by the p ip e tte  method (fo r  the exact procedure followed, 
see appendix A) and the r e s u l ts  p lo tte d  as histograms and cumulative 
curves (see a lso  F ig s. 8 and 9 ) .  (The b rick earth  a t  Downend* i s  d istinguished  
by being the h ighest b rick ea rth  in  south Hampshire or the I s le  of Wight, as 
i t  outcrops between 330 f t .  (100.6 m.) and 3 ^  f t .  (103.7 m. ) and in  fa c t 
may r e s t  p a r t ia l ly  on the c h a lk . The exact f ie ld  re la t io n s  o f  th is  
deposit are  obscure due to  the digging o f the deposit fo r  b rick  c la y .)
I t  was found th a t  the b rick ea rth s  o f the co as ta l sec tio n  comprised up 
to  50^ sand ( i . e .  g ra in s over 64 microns) and only small percentages of 
s i l t  but w ith a second peak o f c lay  s iz e  (under 2 microns) p a r t ic le s .  
Examination of the histogram s published in  Zeuner o f the Ebbsfleet (Kent) 
lo e ss  (1959, p .l6 5 )  and of samples o f the Thanet b rick earth  show th a t these 
d eposits  are  up to  80^  s i l t  with only very sm all amounts o f sand p resen t. 
Samples taken from the Selsey b ric k ea rth  had an interm ediate amount o f s i l t  
between the extremes o f the Thanet and south Hampshire examples. (This may 
r e f le c t  the increase  in  tru e  lo ess  s iz e  p a r t ic le s  as more e a s te rly  and hence 
more co n tin en ta l deposits  a re  sampled.) Whatever the o rig in  o f the south 
Hampshire b r ic k e a rth , i t  almost c e r ta in ly  contains some loess-derived  
m ateria l as i t  i s  u n lik e ly  th a t th ick  lo ess  sheets could be deposited as
The samples from Downend proved to  be d if fe re n t from e ith e r  Selsey, 
Thanet o r  the Hampshire examples. This deposit proved to  be composed 
o f 50^ c lay  and only 15% sand. In view o f the a l t i tu d e  o f i t s  outcrop 
th is  b ric k ea rth  i s  probably of ea rly  P leistocene deposition  and i t  
seems l ik e ly  th a t  the c lay  f ra c tio n  has been enlarged by the weathering 
the  deposit has undergone since  i t  was deposited .
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close to south Hampshire aa Normandy (see Journaux, H ellu in , Lautridou 
and P e lle r in  in  Péwe, I 969) , the Channel I s le s  (see P a rt I I )  o r Thanet 
(W eir, C att & K adgett, 1971) without some p a r t ic le s  being blown in to  
d eposits  being formed by o ther processes* Indeed, Coombe and F rost (1956) 
describe  lo ess  type p a r t ic le s  in  the s o i l s  of the Lizard Peninsula in  
Cornwall so i t  i s  possib le  th a t lo ess  deposition  extended fu rth e r  west 
than the New F orest a rea ,
A sec tio n  o f the th ic k e s t p a r t  o f the b rick ea rth  a t  Barton (82 239930) 
(on the 100 f t ,  (30 m.) te r ra c e )  was sampled a t  40 cm, (1  f t .  4 in s . )  
in te rv a ls  down to  i t s  maximum th ickness o f 8 f t .  (2 m. 50 cm .). I t  was 
found th a t  throughout i t s  depth the b ric k ea rth  was composed o f fin e  sand 
and coarse s i l t  w ith very l i t t l e  f in e  s i l t ,  and a second peak o f c lay .
The b rick ea rth  was most sandy in  i t s  middle portion  a t  a depth o f220 cm.
(4 f t .  6 i n s . )  where the sand percentage was over 50%- Kay (1939)# working 
on an area  to the e a s t o f Southan^ton Water, describes a sec tion  near Hound 
(SU 474088) on the 100 f t .  (30 m. ) te rrace  which a lso  becomes more sandy a t  
a depth o f 3 f t .  (91*4 cm .). In  Kay's example the percentage o f sand 
in creases  to  73% a t  th i s  depth. Why the  b rick ea rth  should ex h ib it t l i is  
coarsening i s  uncerta in .*
The b ric k ea rth  con tains w ithin  i t  a small number o f f in e  gravel par­
t i c l e s  w ith a  maximum s iz e  o f about 1 inch (25 ®S3*) long a x is . These 
f l i n t s  are  always angular r a th e r  than rounded in  shape but in  add ition  are  
u sua lly  f l a t  and a re  perhaps best described as d iscoid  o r b lad e-lik e  in  
shape, but w ithout the rounding th a t the use o f these terms may iBç>ly. A ll
A llen, 1965, describes coarsening o f f in e  grained m ateria ls  in  a flood 
basin  environment and suggests th a t th is  i s  due to  "crevasse splay" depo­
s i t io n  where a  sequence o f overbank deposits i s  in te rru p ted  by co arser 
m ate ria l "bled" d ire c t from the stream channel by crevassing o f the s tream 's  
banks. I f ,  as w ill  be suggested below, the b rick earth  of south Hampshire 
i s  p rim arily  on overbank d ep o sit, such crevasse splaying could occur but 
whether f lu v ia l  conditions in  south Hacpshire were ever such as to  allow  
the form ation o f the levées necessary fo r th is  type o f deposition  i s  unknown,
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samples o f b ric k earth  co llec ted  had a t  le a s t  one o f these f l i n t  fragments 
w ithin  them. The top few inches of each b rick earth  sec tio n  had more stones 
in  them than th e  r e s t  o f the sec tio n  but th i s  i s  c le a r ly  due to  ploughing.
At Taddiford Farm (S2 262927) ploughing downslope across both b ric k ea rth  and 
g ravel outcrops has re su lte d  in  a thorough mixing o f the two deposits  fo r  
the top 1 f t .  (30 cm.) o f any sec tio n  but below th is  le v e l the b rick ea rth  
i s  undisturbed by human agency.
I t  seems most un lik e ly  th a t the occasional s tones in  the b rick earth  
were incorporated  by way o f p e r ig la c ia l  d istu rbance . There i s  no evidence 
fo r  p e r ig la c ia l  churning of the b ric k ea rth  and the stones do not form the 
l in e s ,  s tr ip e s  or festoons ty p ic a l o f p e r ig la c ia l  a c tio n . I t  i s  probable 
th a t  the stony content o f the b rick earth  i s  an o r ig in a l fea tu re  with the 
stones incorporated  in  the sandy m atrix during deposition . This seems to  
ru le  out an aeo lian  o rig in  fo r  the deposition  o f the b rick earth  i f  not fo r 
some o f i t s  c o n s titu en t p a r t ic le s .  The lowest few inches, l ik e  the top 
ploughed la y e r , are  s im ila r ly  stony . This i s  probably due to  the d is tu r ­
bance o f the top o f the g ravel by th e  process depositing  the  b ric k ea rth . 
These bottom of the b rick earth  stones are  arranged in  l in e s  s im ila r  but 
on a much sm aller scale  to  the l in e s  o f  pebbles in  recen t alluvium  and 
were probably formed during tra n s i t io n  conditions between the gravel 
forming environment and the b ric k ea rth  episode.
e) O rigin
From the above d escrip tio n  i t  can be seen th a t  the b rick earth  i s  a  
problem atic d ep o sit. Previous authors have assigned i t  to  varied  processes 
o f  o r ig in  ranging from s o lif lu c t io n  and aeo lian  deposition  to  f lu v ia l  depo­
s i t io n .  Everard (1952, unpub.), bearing in  mind the non-calcareous nature 
o f the  b ric k e a rth , suggested th a t  i t  might be a reworked head with i t s  
calcareous co n s titu en ts  leached o u t. This i s  un lik e ly  aa tru e  head i s  very 
g rav e lly . White (1915) describes the head o f the Portsmouth d i s t r i c t  as
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ty p ic a lly  being a "stony loam" which la  unlike the loam with sm all stones 
which i s  what the b rick ea rth  a c tu a lly  i s .  Everard concludes th a t ,  desp ite  
i t s  ijiniform appearance, the b rick earth  i s  o f severa l ages and the reworking 
o f the  o r ig in a l  head was in  p a r t  aeo lian  and in  p a rt f lu v ia l .  ( I t  i s  
d i f f i c u l t  to  reconcile  Everard*s idea o f a marine o rig in  fo r  the g ravels  
o f the  area  with an a e o lia n - f lu v is l  o r ig in  fo r the b r ic k e a rth .)
That the deposit as a whole i s  not aeo lian  can be demonstrated by 
reference to  i t s  sandy ch arac te r and the  presence o f f l i n t  chips w ith in  i t ,  
although as s ta te d  above some aeo lian  p a r t ic le s  may be p resen t in  the 
b ric k e a rth . I t  seems most l ik e ly  th a t  the b rick ea rth  i s  in  fa c t  o f f lu v ia l  
o r ig in  and th a t  White (1917) was co rre c t when he s ta te d  th a t  the b rick earth  
"may be a flood loam o f l i t t l e  l a t e r  date than the underlying g rav e l" , 
khether in  fa c t  the b rick ea rth  and the gravel have c lo se ly  s im ila r  ages i s  
uncerta in  but the fa c t th a t  the b ric k ea rth  almost in v a riab ly  o v e rlie s  the 
gravel and does not seem to o v e rlie  the non-gravel areas seems to  suggest 
th a t  only a sho rt period o f  time can have elapsed between the deposition  o f 
the two d ep o sits . I f  a long period  had elapsed between the  deposition  o f 
the two deposits I t  would be u n lik e ly  th a t  the same palaeotopography would 
p e r s is t  so th a t b rick earth  would be deposited ju s t  on the  gravel and nowhere
The fa c t  th a t  the b rick earth  everywhere o v e rlie s  the gravel but not 
the so lid  T e r tia r ie s  i s  a lso  an argument against the b rick earth  having an 
aeo lian  o rig in  as f a l l  out from wind deposition  would cover the whole land­
scape. I t  i s  c le a r  too from the granulom etric data th a t  the b rick earth  i s  
not a lo e ss . Opinions vary as to  the exact s iz e  parameters to  be adopted 
fo r  lo e ss  (Weir, C att & Madgett, 1971» s ta te  th a t the  lo ess  grade la  between 
50 microns and 2 microns with the m ajority  o f p a r t ic le s  between 50 microns 
and 20 microns; Zeuner, 1959, s ta te s  th a t ty p ic a l lo ess  i s  from 1 micron
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to 7 microns , while Smalley, 1971» also  regards loess  as being from 50 
microns to  20 m icrons), but i t  i s  g en era lly  agreed th a t i t  i s  composed 
almost e n t ire ly  o f s i l t .  The south Hampshire b rick ea rth  i s ,  however, 
almost e n t ire ly  d e f ic ie n t in  th is  s iz e  grade.
The fa c t th a t  the granulometry o f the Hampshire b rick ea rth  i s  unlike 
th a t  o f the  tru e  lo ess  o f Europe does not preclude the p o s s ib i l i ty  o f i t  
having an aeo lian  o rig in  o r a t  le a s t  having some aeo lian  p a r t ic le s  in  i t ,  
but i t  does prevent the deposit being regarded as a loess in  the tru e  sense 
(Smalley, 1971)* The f ie ld  r e la tio n s  of the d ep o sit, however, and the 
presence o f  f l i n t s  w ithin  i t  ru le  out an aeo lian  o r ig in . S im ilarly  the 
lack  o f festoons and o th er fea tu re s  o f p e r ig la c ia l  so rtin g  ru le  out the 
p o s s ib i l i ty  o f any s o lif lu c t io n  o r ig in  fo r the  b ric k ea rth . The best 
explanation fo r  the o rig in  o f the b rick ea rth  i s  then the one advanced by 
White (1917) (see above). Such f lu v ia l  b rick ea rth s  are widespread in  the 
Thames v a lley  (see Pocock, 1902, Kennard, 1944 and West, 19&9)» in  a 
s im ila r  p o s itio n , overly ing f lu v ia l  g rav e l, to  those o f south Hanpshire.
The b rick ea rth s  o f the Thames are  regarded by the authors c ite d  above as 
alluvium  analogous to  th a t of the p resen t r iv e r .  While the o rig in  o f 
these deposits  i s  indeed f lu v ia l  i t  i s  questionable whether th e i r  environ­
ment o f deposition  was s im ila r  to  conditions a t  p resen t (see below. Chapter 
Wc, fo r  d iscussion  o f Kennard, 1944, on th is  p o in t) , and i t  i s  possib le  th a t 
while the process o f deposition  o f  the Hampshire b rick earth  was s im ila r  to  
processes ac tin g  a t  p resen t, the magnitude o f the process was sev era l times 
g re a te r  than any s im ila r  dep o sitio n al processes o f recen t tim es.
He a c tu a lly  does say th is  in  both Zeuner 1945 and 1959» but a lso  
s ta te s  th a t  the parameters fo r  lo ess  a re  0.1 and 0.01 m illim etres , i . e .  
100 microns to  10 microns, which are much more r e a l i s t i c  than 1 micron 
to  7 microns which i s  almost a l l  c lay . However, i t  i s  possib le  (but 
improbable) th a t  some European lo esses are  predominantly around 7 microns.
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Chapter IV. The Environmental S ignificance of the Gravels and B rickearth
a) The dep o sitio n al environment -  f lu v ia l  or marine?
As s ta te d  above the gravels and b rickearth s  o f south Hampshire have 
been a t tr ib u te d  by various authors to  e ith e r  marine or f lu v ia l  deposition .
The two main hypotheses are  exem plified by the work of Everard as an 
advocate o f marine deposition  and VJhite as an advocate of f lu v ia l  deposition  
of these d e p o s its . The views of both these workers have been s ta te d  already 
above, but by way of c la r i f ic a t io n  both th e i r  p o s itio n s  w ill  be re s ta te d  here.
Everard takes the view th a t the g ravels  are  o f marine o rig in  and were 
deposited in  a la rg e  bay o r estuary  which extended a t  i t s  maximum as fa r  
west as the presen t mouth o f the Avon. Everard (1954b, p .42) s ta t e s : -  
" . . .  fo r  much o f the period considered, marine conditions o f an es tu a rin e  
ch arac te r a re  believed to  have predominated in  the area but f lu v ia t i le  
phases in d ic a tiv e  o f a marked withdrawal o f the sea occurred a t  the 300 f t .  
(91.5 m.) end buried channel s tag e s . In  each o f these a r iv e r  system not 
unlike R eid 's  Solent River was probably in  e x is ten c e ." .
In  h is  suggestion th a t  an in le t  o f the sea covered south Hampshire fo r 
much o f the P le is to cen e , Everard explains th a t  the gravel o f the te rra c e s  
was formed as marine beaches by erosion , a t  each s tag e , of the p re -ex is tin g  
g rav e ls . The gravel in  these beaches i s  s ta te d  to be angular ( ra th e r  than 
rounded as would be expected o f a beach deposit) because i t  had i t s  o rig in  
in  the r iv e rs  flowing in to  the Solent Bay. The gravel c o n stitu en ts  re ta in  
th e i r  f lu v ia l  an g u la rity  because o f the lack  of reworking by wave ac tio n  
caused by the lim ited  fe tch  av a ilab le  in  the Solent Bay which could not 
provide waves la rg e  enough fo r the rounding o f f l i n t  pebbles to  take p lace .
The ancunt o f fe tch  av a ilab le  i s ,  however, thought to  be enough to  generate 
waves s u f f ic ie n t ly  la rg e  to  erode the c l i f f s  o f  gravel to  provide m ateria l to  
con stru c t the  next beach in  the  lowering a l t i tu d in a l  sequence. Everard 's
main reason fo r  suggesting a marine o rig in  fo r the gravels i s ,  however, 
the slope o f the su rfaces o f the te r ra c e s , which he believes i s  too shallow 
to  allow any o rig in  except a marine one fo r the te r ra c e s .
Everard*s suggestion o f the deposition  of the gravels in  a Solent Bay 
needs to  be examined more c lo se ly . With the Wight to Purbeck ridge in ta c t  
as i t  must have been through much of the P le istocene (see Chapter V I), only 
a very lim ited  fe tch  can have been av a ilab le  fo r wave generation . The only 
d ire c tio n s  through which any degree of fe tch  would be av a ilab le  would be 
from the e a s t ,  so u th -east or n o rth -eas t as the chalk ridge would have 
allowed only a very lim ited  fe tch  from the west o r south. This l im ita tio n  
on waves generated by the w es te rlie s  would a lso  lim it the longshore d r i f t  
p o stu la ted  by Everard fo r  the d isp e rsa l o f the g ravels introduced to  h is  
Solent Bay by stream a c tio n . Longshore d r i f t  from the eas t would tend to 
p i le  up the stream introduced g ravels  about the mouths of the streams ra th e r  
than spread i t  across the  te rra c e s* .
The longshore d r i f t  i s  a t  p resen t weak, even with the la rg e  expanse 
o f C hristchurch Bay open to  the w est, so i t  i s  not unreasonable to  suppose 
th a t  such ac tio n  must have been f a r  weaker in  the P leistocene when th is  bay 
did not e x is t .  The lack  o f  fe tch  would a lso  in h ib i t  the c l i f f  erosion con­
sidered  necessary by Everard fo r the  provision  o f gravel from which new 
te rra c e s  could be b u i l t .  Even a t  p resen t i t  i s  only the c l i f f s  o f C h ris t­
church Bay which a re  fu lly  open to  the west which are  eroded to  any e x te n t. 
East o f Hurst Narrows only the sec tio n  between Lepe (SZ 433985) and Cadland 
(SU 47CXX>3) has any c l i f f s  and these are  due to  the c o a s t 's  facing due e a s t
At p resen t longshore d r i f t  occurs predominantly from west to  e a s t 
in  the Solent and such s tru c tu re s  as Hurst S p it and Calshot S p it owe 
th e i r  o r ig in  to  i t .  This movement o f  gravel i s ,  however, q u ite  weak 
and the e a s te r ly  fe tch  generates waves which are weaker s t i l l  and accor­
ding to  Bird (1964) can only form the recurves on the ends o f the two 
s p i ts  mentioned above.
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a t  th i s  po in t and so have q u ite  a long fe tch  over Spithead and up the 
Channel over which e a s te r l ie s  may generate waves. To the west o f the 
Beaulieu R iver no c l i f f s  a t  a l l  occur because the g re a te s t fe tch  possib le  
w ith  th is  due south facing  coast i s  the $ miles (4.83 km.) across to  the 
I s l e  of V /i^ t .
I f  Everard’ s nap (1954b, p .52) i s  examined (see  a lso  F igs. 1 and 5 ), 
i t  w il l  be seen th a t he envisages s tran d lin e s  fo r  h is  various stages 
p a r a l le l  to  the shores of the  p resen t Southampton Water and S olent. I t  
seems im possible to  reco n c ile  the  narrowness and lack  of fe tch  in  these 
in le t s  w ith  the n e ce ss ity  of the ^ n e r a t io n  of waves la rg e  enough to  cause 
the ere® ion and longshore d r i f t  envisaged by Everard.
The narrow in le ts  shown by Everard ( 1954b) a lso  p resen t problems in  
the c u tt in g  of the benches on which th e  gravel te rra c e s  r e s t .  The wide 
expanse of the  150 f t .  (45*7 m.) and 100 f t .  (30 m.) stages a t  Beaulieu 
Heath (SZ 355999) &Rd lady  Cross Walk (SU 550010) up to  2 m iles (5*21 km.) 
wide a t  i t s  w idest i s  u n lik e ly  to  have been cut by a  s ta b le  sea lev e l* .
Wide benches such as those a t  Beaulieu Heath req u ire  a r is in g  sea le v e l fo r  
th e i r  c u ttin g , but from vdiat i s  known o f the r a te  o f P le istocene sea lev e l 
r i s e s  (see F a irb rid g e , I 96I )  these  a re  unacceptably rap id  from the po in t of 
view of wide bench c u tt in g  . Even the fa c t  th a t  th e  benches are  cu t across 
s o f t  T e rtia ry  sediments and th e  p o s s ib i l i ty  th a t  son® of the lower te r ra c e s  
may be composite and occupied more than once cannot account fo r  the  wide
* King, 1963,  suggests th a t  the maximum width of bench which can be 
cu t under a  s ta b le  sea le v e l i s  4OOO f t .  -  1220 m,
** Several authors (Godwin, Suggate & W illis , 1958; Curry, I 96I ;  Oakley, 
1964) c i t e  very low sea lev e ls  fo r  dates in  the l a te  Devensian. Figures 
o f 100 m. (328 f t . )  below presen t sea le v e l a t  a  date o f only 15,000 years 
before the p resen t are ty p ic a l o f  the low sea lev e ls  c i te d  fo r  the la te  
Devensian (o r  Wisconsin in  C urry). As p resen t sea le v e l was reached around 
6,000 years B .P . (Godwin, 195&) only 9»000 years are  av a ilab le  f o r  a  r i s e  
in  sea le v e l f ro a  around -328 f t .  (100 m.) up to  the p resen t. This r a te  
o f sea le v e l r i s e  i s  f a r  too f a s t  to  allow the c u ttin g  o f any widespread 
benches.
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te rra c e s  v is ib le  in  the landscape o f south Hampshire*
From the above remarks i t  may be concluded th a t the gravels were not 
deposited by marine a c tio n . From the character of the gravels themselves 
i t  i s  probable th a t  they were in  fa c t la id  down by a r iv e r  and thus a re  ex­
c lu s iv e ly  f lu v ia l  in  o r ig in . While Kverard (1954b) suggests th a t some o f 
the g ravel was introduced in to  h is  oolent Bay by stream ac tion  and then r e ­
worked by marine processes i t  seems much more l ik e ly  from examination o f 
the s tru c tu re s  in  the g rav e l, the an g u la rity  o f i t s  c o n s titu e n ts , and the 
im probab ility  o f the marine c u ttin g  o f the benches, th a t  a l l  the gravels 
were in  fa c t  o f  f lu v ia l  o r ig in  w ith no marine influence being present*
While Everard and o thers  such as Codrington (l8?0) p o stu la te  a marine 
o rig in  fo r the g rav e ls , o thers  such as Palmer and Cooke (1925) suggest a 
composite o r ig in  w ith a  marine bench being covered by a veneer of f lu v ia l  
g rav e l. The ch ie f  ob jection  to  th is  hypothesis i s  the one ra ised  above, 
namely th a t  th ere  would be in s u f f ic ie n t  fe tch  in  any Solent Bay to  allow 
the generation  o f waves la rg e  enough to  cu t a bench s im ila r  to  those seen 
in  the landscape a t  p resen t. I t  i s  in  fa c t  f a r  more l ik e ly  th a t the f lu v ia l  
g ravels  described by Palmer and Cooke r e s t  on a f lu v ia l ly  cu t bench without 
the in te rv en tio n  o f any marine influence •
Having suggested th a t the marine hypothesis fo r  the o r ig in  o f  the 
south Hampshire g ravels i s  mistaken the only o rig in  possib le  fo r  these
Everard, 1954b, a lso  hakes use o f th is  hypothesis to  explain the 
g ravel d is tr ib u tio n . He suggests th a t the g ravels  were in  p a r t spread 
over marine su rfaces by extending "consequents* flowing in to  the Solent 
Bay as the sea withdrew. The consequents would be expected to  flow 
down the maximum slope o f the matins bench exposed by the f a l l in g  sea 
le v e l ,  in  th is  case the north-south  slope, and thus p a ra l le l  to  the 
Beaulieu andLynington Rivers* Examination o f the cu rren t bedded s tru c ­
tu re s  (see Chapter H  ) shows th a t the g ravels were a l l  deposited by 
cu rren ts  with a strong e a s te r ly  component and no north -sou th  elements 
a t  a l l .  In add ition  the te rrac e s  v is ib le  in  the landscape c lo se ly  follow 
the l in e  of the postu la ted  Solent River ra th e r  than the courses o f  the 
north-south  streams*
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d eposits  i s  a f lu v ia l  one as suggested by v/hite ( I 9I 7) ,  Suggestions 
th a t the g ravels  may be p a r tly  s o lif lu c tio n  deposits -  Everard, 1954b;
Palmer and Cooke, 1923 -  can be discounted on tlie grounds th a t  only minor 
s o lif lu c t io n  s tru c tu re s  can be seen in  the g rav e ls , fo r  instance a t  High- 
c l i f f e  (SZ 215931) s-ud H all*s P i t  (SU 450019) (see P la te  27) and no evidence 
can be seen fo r  the wholesale movement of the gravel which s o lif lu c tio n  
would e n ta i l ,
A restatem ent of White * s b e lie fs  on the o rig in  of the gravels con­
ta in s  the b asis  fo r fu r th e r  in v e s tig a tio n  of these deposits* White (1917, 
p .48) s ta te d : " . . .  the lo c a l p la teau  gravels ( i . e .  of the area  of the 
Bournemouth sheet of the Geological Survey) con tain  no deposits th a t  could 
reasonably be regarded as  of marine o rig in " .
In  the Memoir to  sheet 531 (Portsmouth and Lymington), White s ta te s  
(w hite , 1915, po49)* " . . .  the s tru c tu re  and deposition  of the gravels imply 
th a t  the g re a te r  p a rt of the d i s t r i c t  was overrun by s h if t in g  channels fed 
by a volume of w ater g re a tly  exceeding th a t c a rrie d  by the lo c a l streams 
a t  the  p resen t day .".
These two quotations from W hite's work provide a c le a r  statem ent of 
h is  p o s itio n  on the o rig in  of the "plateau" g rav e ls. White a lso  makes th e  
po in t (White, 1917, p .49) tiia t the c a lib re  of the m ateria l o f the  p la teau  
g ravels  i s  in  sharp co n tra s t to  the c a lib re  of the m ateria l being moved 
by presen t day streams in  the area and he suggests th a t th is  i s  due to  the 
gravels being formed in  a more severe clim ate than th a t  of the area  a t  
p re sen t.
As the work of ^White suggests the evidence fo r the f lu v ia l  o r ig in  of 
the g ravels  i s  la rg e ly  contained w ith in  the gravels themselves, in  th e i r  
s tru c tu re s  and th e ir  arrangement as te rraces*  The slope o f the te r ra c e s  
i s  ambiguous when th e i r  o r ig in  is  being considered a s  the work o f  Everard 
( 1954b) shows and examination of th is  alone may give r i s e  to  suggestion of 
a m rin e  o rig in  (see  below).
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The th ickness of the g ravel of any one te rra c e  i s  a guide to  the 
environment of o rig in  of the g ravels. As noted above (Chapter I I )  the 
g ravels of the New F orest a rea  th icken  and th in  a t  random (as in  H a ll 's  
P i t ) .  This th ickening  of the gravel w ith no d isce rn ib le  p a tte rn  i s  not 
ty p ic a l of a sequence of marine d ep o s its . The d eposits  o f a tran sg ress iv e  
sea would tend to  be of uniform th ickness o r perhaps th icken to  seawards. 
The rap id  th icken ing  and th inn ing  is  much more c h a ra c te r is t ic  o f the 
d ep o sits  of a s e r ie s  o f b ra id ing  stream  channels ra th e r  than the smooth 
sheet of g ravel which would be asso c ia ted  with a marine tran sg ress io n .
The p a r t ic le s  which make up the gravel a re  a lso  more ty p ica l of 
f lu v ia l  d ep o sits  than marine, as Everard (I954h) po in ts ou t. I t  i s  more 
l ik e ly ,  however, th a t  the gravel was deposited  in  the f lu v ia l  environment 
which i t  ty p if ie s  than the  ra th e r  unusual marine environment used by 
Everard to  exp la in  the presence o f angular gravel in  a marine sequence. 
E verard 's  m in  evidence of a marine o rig in  fo r  the gravels was contained 
in  the f la tn e s s  of the "ho rizon ta l"  segments o f the  te rra c e s  between the 
Avon and Southampton Water. This extreme f la tn e s s  i s  very  unlike the 
lo n g itu d im l p ro f ile  normally to  be expected from a stream depositing  
la rg e  q u a n ti t ie s  o f coarse gravel so the p o s tu la tio n  of an unusual environ­
ment fo r  the  dep o sitio n  of the  south Hampshire gravels i s  not unreasonable. 
However, the very  gentle  slopes of th e  "ho rizon ta l"  segments o f south 
Hampshire are not u n p a ra lle led . The 100 f t .  (50 m.) te rrace  o f  the  Thames 
from the  mouth of the Lea to  Swanscombe has an extremely low grad ien t 
(under 6 inches per m ile, 1 in  I 560) (Zeuner, 1959) while the Caversham 
channel of the  Thames has an "im perceptib le" grad ien t (Thomas, I 96I )  y e t 
i s  f i l l e d  w ith  20 f t .  (6 .0  m.) o f coarse g rav e l. Thomas regards th is  
g ravel as p rim arily  outwash but th is  example in d ica tes  th a t  i t  i s  not 
necessary fo r  steep  g rad ien ts  to  be present fo r  coarse gravel tra n sp o rt 
to  occur.
The cu rren t bedded s tru c tu re s  w hile only few in  number show a  con-
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s is te n t  e a s te r ly  component (see Chapter I I  and Figure 6) ty p ic a l of 
deposition  in  a stream  flowing from the w est. The v a r ia tio n s  around due 
e a s t seen in  tlie cu rren t bedding determ inations can be explained by the 
d if fe re n t  d ire c tio n s  through which a b ra id ing  (o r even a meandering) 
stream  w il l  flow , e sp ec ia lly  in  a dynamic episode such as th a t represented 
by the g rav e ls . These cu rren t bedded d ire c tio n s  are  in co n sis ten t w ith  
the gravels being deposited  by marine a c tio n . The p ro b ab ility  o f a - 
b ra id in g  environment i s  added to  the presence o f channels in  the g ravel 
a t  sev era l po in ts in  the sequence (see Chapter I I ) .  These channels a lso  
suggest th a t  the g ravels a re  not of marine o rig in  as  i t  i s  not ty p ic a l of 
marine deposition  to  cu t channels of the s ize  o f those a t  Barton (SZ 23990) 
fo r  example, in  beach d ep o sits .
From the above evidence i t  imist be concluded th a t  the g ravels and 
te r ra c e s  of south Hampshire a re  o f f lu v ia l  o r ig in  and were deposited by a 
Solent R iver c lo se ly  s im ila r  to  the one envisaged by Reid (1902b). Although 
the gravels a re  b a s ic a lly  f lu v ia l  som  marine influence may have occurred 
in  the S o le n t's  e s tu a ry . The p o s itio n  of the head o f the estuary  a t  any 
p a r t ic u la r  s tage i s  undetermined although Reid (1902b) places the mouth of 
the r iv e r  a s  f a r  e a s t as  Beachy Head and a sso c ia te s  the  Black Rock ra ised  
beach with the  Solent d ep o s its . West and Sparks ( I 96O) suggest a brackish  
w ater environment fo r  the Ipswichian in te r  g la c ia l  deposit (a c tu a lly  only 
the lower p a r t  of th i s  deposit was examined by West and Sparks) a t  Stone 
Point on the grounds th a t  the  deposit i s  r ic h  in  the in te r - t id a l  gastropods 
Hydrobia ven trosa (Montagu) and Kydrobia ulvae (Pennant). I t  seems most 
l ik e ly  th a t  the p o s itio n  of the mouth of the Solent ( l ik e  th a t o f the 
Thames, Zeuner 1959) f lu c tu a ted  in  i t s  p o s itio n  during the  Middle and 
Upper P le is to cen e . At the low sea lev e l stages o f the Devensian (F a ir­
b ridge , I 96I 1 Curry, 1961) vhen the sea lev e l may have been a t  le a s t  100 m. 
(328 f t . )  below the p resen t, the mouth of th e  Solent must have been f a r  to  
the  e a s t and R eid 's  suggestion o f a mouth o f the r iv e r  o f f  Beachy Head may
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be c o r re c t .  However, a t  t i i is  low sea lev e l stage, any a sso c ia tio n  w ith 
the Black Rock beach which reaches around 40 f t .  (12.2 m.) O.D. (White,
1924, Smith, 1936) is  u n lik e ly .
b) The c lim a tic  environment
Although i t  has been suggested th a t  the gravels of south Hampshire 
are  of f lu v ia l  o r ig in  the problem remains of th e i r  broader environment of 
d ep o sitio n . The iieight of the gravels above presen t sea lev e l a t  th e  long 
e s ta b lish ed  in te rg la c ia l  sea lev e l heigh ts would seem to  in d ica te  th a t  the 
gravels were deposited  during in te rg la c ia l  cond itions. However the  coarse 
g ravels which make up the te r ra c e s  a re  to t a l ly  d if fe re n t from any d eposits  
being formed in  the r iv e rs  of the area a t  p resen t as  White ( I 9I 7) pointed 
o u t. White suggested th a t  th i s  increase in  the ca lib re  of the load o f the 
Solent R iver compared w ith the c a lib re  of present stream loads was due to  
a g rea t change in  c lim ate .
Other workers in  the area  make l i t t l e  or no reference to  th e  clim ate 
during the  period o f deposition  of the g rav e ls . Everard, beyond a passing 
reference  to  s o lif lu c t io n  as a process by wiiich the gravels may have been 
spread ac ro ss  the te r ra c e  su rfaces , makes no observations as  to  th e  clim ate 
during the deposition  of the gravel and v a r ia tio n  in  clim ate has no p lace 
in  h is  explanation of the P leistocene of south Hampshire. Trem lett ( I 965) 
suggests a cold clim ate  fo r  the time of the  deposition  o f h is  35 f t .  (10 .7  m.) 
te r ra c e  on the Beaulieu River because o f  the g re a t w idth o f th is  te r ra c e  
which in d ic a te s  a g rea te r  r a te  o f  ru n -o ff  and la rg e r  streams than a t  p re sen t.
The fa c t  th a t  the g ravels  a re  so much coarser than  the p resent loads 
o f the streams in  the a rea  alone would suggest a s ig n if ic a n t change in  
stream regime from the present to  th a t  o f the P le isto cen e . By extension 
the type o f change in  stream regime necessary fo r  g re a tly  increased ru n -o ff  
could only be achieved by a  c lim a tic  change, e i th e r  an increase in  p re c ip i­
ta t io n  o r a  change in  the perm eability  of the s o i l  and i t s  v eg e ta tio n  cover 
so th a t fh r  more o f the p re c ip ita tio n  th a t  f a l l s  i s  u t i l i s e d  immediately
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as ru n -o ff and not s to red  in  p lan ts  or as ground w ater.
The evidence fo r p re c ip ita tio n  ra te s  in  the P leistocene i s  contro­
v e r s ia l ,  Several au thors (Zeuner, 1959» Frye, 1961; Kerney, I 963) suggest 
th a t  p re c ip ita tio n  in  the e x tra -g la c ia l areas during g la c ia l  periods was 
g re a te r  tlian tlie p re c ip ita tio n  in  the same areas  a t  p resen t. Kerney and 
Zeuner c i t e  tlie ex istence o f widespread d eposits  such as the coombe rock 
and the head as evidence tlia t s o li f lu c t io n  under a clim ate w ette r than 
the p resent occurred as sucli s o li f lu c t io n  would need considerable amounts 
of p re c ip ita tio n  to  be e f f ic ie n t .  T r ic a r t  (1970) contends th a t  the  pre­
c ip i ta t io n  during g la c ia l episodes was l i t t l e  d if f e re n t  from th a t  a t  
p resen t because the p lanetary  wind c irc u la tio n  p a tte rn s  were unchanged. 
W illiams ( in  Pewe, I 969) s ta te s  th a t  the clim ate of southern England was 
d r ie r  in  the P leistocene than a t  p resen t because, given the tem peratures 
he c i te s  from palaeotem perature s tu d ie s  and the present amount of r a in f a l l ,  
Dartmoor should have been g lac ia ted  and no evidence has been found on 
Dartmoor fo r  t i e  existence of ice  caps.
The same e f f e c t ,  in  stream s, however, as an increase in  p re c ip ita tio n , 
would be caused by a decrease in  tem perature so th a t  vegeta tion  cover was 
destroyed. The surface of the ground would then be frozen fo r  much o f the 
year and a markedly seasonal f lu v ia l  regime would be s e t up w ith a spring  
flood  of extreme dimensions re le a s in g  the whole y e a r 's  p re c ip ita tio n  in  a 
few weeks a t  the  break-up of the w in ter ic e .  Several w rite rs  have s tre ssed  
th a t  the lack  of v egeta tion  more than any o ther s ing le  fa c to r  w ill  increase 
ru n -o ff . Some illum inating  fig u res  are  quoted by Quinn (1957) from the 
work of Bennett (1959) who s ta te s  th a t  when the vegeta tion  cover o f an  
a rea  is  com pletely s trip p ed  the increase in  ru n -o ff  and erosion  is  l i t t l e  
sh o rt of c a ta s tro p h ic . B en n e tt's  f igu res  were f o r  a 12 degree slope under 
equal r a in f a l l  ( 36.4 inches, 92.45 cm. per annum) and the same s o i l  type. 
Under these  conditions the follow ing fig u res  were observed:-
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Cover Run-off in  ja of ra in  Denudation in  to n s/acre
Woods 0.12 0.0
Grass 6,50 0.04
Barren 48.80 69.00
S im ila rly , Orme and B ailey  (1971) describe an experim sit in  Monroe 
Canyon, C a lifo rn ia  where a small catchment in  the San G abriel Mountains 
which was de-fo rested  by lig h tn in g  f i r e s  was used experim entally to  
examine the ru n -o ff  under d if fe re n t veg e ta tio n  types. The area in  question 
was form erly covered w ith  chaparre l scrub on i t s  steep  slopes and fo re s ts  
o f sycamore, la u re l and a ld e r  in  th e  v a lle y  bottom. The regeneration  of 
the fo re s t  follow ing the f i r e s  was m de se le c tiv e  by the  use o f herb icides 
so some ground was bare , some in  gra.33  only and some in  the n a tu ra l sage- 
ch ap arre l. The processes operating  in  the v a lley  were observed over eleven 
y ea rs , 1960-1971* I t  was found, as  in  the example c i te d  by Quinn (1957), 
th a t  bare ground was eroded a t  ca tas tro p h ic  ra te s  w hile ground covered 
even w ith  an open scrub of chaparre l was le ss  su scep tib le . Orme and B ailey 
contend th a t the extreme erosion  su ffered  by the slopes o f Monroe Canyon 
was in  j a r t  due to the steep  slope of the i^ l le y  s id es  and to  several 
extreme storms which occurred during the period o f th e  experiment, as w ell 
as the v eg e ta tio n  changes in  the v a l le y . However, th e  nearby Volfe Canyon 
(a  t r ib u ta ry  o f the Monroe Canyon) suffered  the same weather conditions 
and has the same steep  slopes but was no t su b jec t to  v eg e ta tio n  d istu rbance 
and showed very l i t t l e  erosion  even in  the f ie rc e s t  of the storm s. While 
the mountains of C a lifo rn ia  w ith  th e i r  steep  slopes a re  hard ly  analogous 
w ith the low r e l i e f  o f the New Forest the example described  above shows 
the e f fe c t  of the d isturbance o f the  veg eta tio n  cover on stream ru n -o ff .
Examination of the extreme e f fe c ts  o f veg e ta tio n  break-down on f lu v ia l  
regimes seems to  show th a t  an increase in  p re c ip ita tio n  i s  unnecessary to  
increase  stream ru n -o ff  i f  th e  clim ate is  cool or coo ling . As these  con­
d itio n s  of cool or cooling clim ate are  f u l f i l l e d  fo r  p a r t  of the  P le is to cen e ,
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and in  view o f the d isp u te  among various a u th o r it ie s  whether th e re  was an 
increase  in  r a in f a l l  o r not during th is  tim e, i t  seems w ise s t, in  the  
absence o f d e f in ite  da ta  on P leistocene p re c ip ita tio n , to  explain  the 
g rea t increases in  ru n -o ff necessary to  move the coarse g ravel as being 
due to  the e f fe c ts  of a cooling clim ate ra th e r  than increased p re c ip ita tio n .
I t  is  w e ll loiown a t  present th a t  in  high la ti tu d e s  extreme ra te s  o f 
ru n -o ff  occur fo r  p a rt of the year and th a t  la rg e  amounts o f sediment are  
moved in  these  episodes. T r ic a r t  (1970) describes the massive discharges 
o f the Lena in  S iberia  which has a peak discharge of 15,900 cub/m. per sec. 
(490,373 c u b . f t . / s e c ) , while B ird ( I 967) describes the spring  and summer 
break-up of the Mecham River on Cornwallis Is lan d  in  the Canadian a rc t ic  
as having a  mximum discharge of 45 % 10^ cub.m./day ( 15,891 x 10^ c u b .f t . /  
day) on Ju ly  2nd which lev e lled  o f f  to  0 .1  x 10^ cub.m./day (555*15 % 10^ 
c u b .f t ./d a y )  by Ju ly  20th . A fter these massive peaks the r e s t  of the flow 
season before the r iv e rs  freeze  over in  the autumn i s  taken up w ith  very 
q u ie t flow moving only sand in  co n tra s t to  the "coarse deposits"  (T ric a rt)  
moved e a r l i e r  in  the season.
An environment s im ila r  to  th a t  of the high a rc t ic  a t  present w ith  a
cold clim ate causing extreme ru n -o ff  conditions and massive tra n sp o rt of
coarse d eb ris  ( p a r t ia l ly  supplied  to the streams by p e r ig la c ia l erosion
o f the v a lle y  s id es  in  the w in ter according to  T r ic a r t ,  19&9) seems the only
possib le  environment fo r  the deposition  of the g ravels of south Hampshire.
True in te rg la c ia l  conditions such as the present are  c le a r ly  inadequate fo r
the d ep o sitio n  of gravel spreads and under th e  n a tu ra l vegeta tion  conditions
o f P le istocene  in te rg la c ia ls  w ith much of the land surface being covered by
*
closed canopy fo re s t ,  ru n -o ff  and erosion would be le s s  than a t  p resen t .
* Walker and West, 1970, c i t e  an example o f c e r ta in  areas in  Kent where 
sedim entation of organic s i l t s  showed a  marked increase in  po llen  zone 
V llb , the sub-boreal, which coincided with the f i r s t  fo re s t clearances 
by N eolithic/B ronze age farm ers. The increase in  open h a b ita ts  i s  shown 
by the marked increase in  Gramineae and Compositae po llen  a t  th is  s tage .
/That
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Although the clim ate a t  the time of the deposition  of the gravel was 
cold i t  was not a f u l l  g la c ia l clim ate a s ,  during th e  co ld es t ^ a r t  of 
g la c ia tio n , sea lev e l would be very  low and so stream ac tio n  would only 
take place in  areas now buried o r flooded such as the Solent buried 
cliannel (Everard, 1954a-) • The a c tu a l s tage  during which the gravels 
were deposited  must f i l l  a p lace between the f u l l  in te rg la c ia l  warm c l i ­
mate and the f u l l  g la c ia l cold c lim ate . The exact stage a t  which the 
g ravels were deposited w il l  be discussed below in  Chapter IVc where an 
attem pt w i l l  a lso  be made to  reco n c ile  the problem posed by the seemingly 
m utually exclusive deposition  of cold clim ate g ravels  a t  a h igh, hence 
warm, in te rg la c ia l  sea le v e l.
Whatever the nature  of th is  in term ediate phase between the  two 
c lim a tic  extremes, the clim ate must have been too cold fo r closed canopy 
fo re s t  to  grow. The evidence fo r a cold clim ate during the time th a t  th e  
gravels were deposited  i s  meagre in  the gravels them selves. There a re  few 
p e r ig la c ia l  s tru c tu re s  of any kind and only one example of a s e r ie s  of 
p e r ig la c ia l  s tru c tu re s  a c tu a lly  w ith in  the gravel has been found. These
(* oont. from previous page)
That th is  increase  in  the deposition  of s i l t  was caused by the des­
tru c tio n  of the fo re s t cover of the area  and not by an increase in  
r a in f a l l  i s  shown by Godwin (1956) who considers th a t  zone 711b of 
the  p o s t-g la c ia l i s  imrked by a decrease in  p re c ip ita tio n  ra th e r  than  
an in c rease , so the increase in  sedim entation occurred in  sp ite  o f 
a  s l ig h t  decrease in  r a in f a l l ,
* The low g la c ia l  sea lev e ls  of th e  P leistocene a re  w ell documented. 
While the P le istocene was marked by a general progressive f a l l  in  
sea le v e l (Zeuner, 1959), superimposed on th is  general f a l l  were 
th e  e c s ta t ic  o s c il la t io n s  shown by Zeuner, 1959, and F a irb rid g e ,
1961. The lowest sea lev e ls  o f the P leistocene may have been very  
low indeed. M itchell and Orme ( I 966) suggest a  sea le v e l of -45 
(-146 f t . )  fo r  the Wolstonian g la c ia l maximum, while the deep buried 
channels of the Devensian a re  w ell known and may in d ica te  sea le v e ls  
as much as 60 f t .  (18.5 m.) below the present (Everard, 1954a). 
S tudies in  o ther areas suggest even lower sea lev e ls  occurred in  the 
l a te  Devensian w ith  Curry ( I 96I )  suggesting a lev e l o f -590 f t .
(-118.9  m.) fo r  the Tazewell -  a contemporary o f  the la te  Devensian -  
stage of the  Wisconsin of North America.
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s tru c tu re s  occur in. a sand lens 3 f t .  (1 m.) below the surface of the 
60 f t#  (18 m.) te rra c e  a t  H a ll’s P i t .  The s tru c tu re s , which a re  minor 
"flame type" in v o lu tio n s , may be sealed between two lay e rs  of gravel 
(see  P la te  27), thus in d ica tin g  conditions cold en o u ^  fo r  p e r ig la c ia l 
a c t iv i ty  during  the deposition  of the te rra c e  gravel -  o r a t  le a s t  during 
a break in  deposition  between periods of te rra c e  form ation. The gravels 
overly ing  the sand lens may in  fa c t  a lso  be d istu rbed  so merely p lacing  
the  p e r ig la c ia l  d isturbance in  a post 60 f t .  (18 m.) te rra c e  episode.
The a c tu a l re la tio n sh ip  of the s tru c tu re s  in  the overly ing gm vel to  those 
in  th e  sand lens i s  not c le a r .
C erta in  s tru c tu re s  in  the g ravel such as  the included s i l t  blocks 
a t  Barton and the "clay" b a l ls  of Cadland may be in d ic a tiv e  o f a cold 
c lim ate (see  above. Chapter I I ) .  Under presen t day co n d itio n s, even 
w ithout la rge  amounts of f l i n t  gravel washing against them, blocks of 
alluvium  are  soon destroyed in  f lu v ia l  environnants so seme agent of con­
so lid a tio n  must be invoked to  hold these  s i l t  blocks together long enough 
fo r  them to  be b u ried . As such blocks a re  described by Shotton {l$6d) 
from cold environments in  th e  Devensian and by Czudek and Demek (1970)
from recen t cold environments i t  i s  reasonable to  assume th a t  the blocks
*
in  the south Hampshire g ravel have th e i r  o r ig in  in  a  frozen s ta te  a lso  .
* Hamelin and Cook, 19&7, suggest th a t ,  a t  the spring  break-up of the 
ic e  cover of streams in  the Canadian a r c t i c ,  much o f the energy of the 
stream  i s  u t i l i s e d  in  l a te r a l  u n d er-cu ttin g  of i t s  banks. The v a lle y  
f lo o r  i s  frozen and presen ts more re s is ta n c e  to  erosion than the  thawed 
a c tiv e  la y e r  on top of the frozen  ground. This under-cu tting  tends to  
loosen blocks of the sandy alluvium  deposited a t  the end of the previous 
y ea r’ s period of flow and incorporate  them in  the flood g ravels.
Czudek and Demek*s (1970) therm o-erosion niches may serve a  s im ila r  
purpose in  causing f in e  grained blocks to  be re leased  in to  the g ravel.
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Aa iiîsntianed above the presence of large  sarsens in  the gravels i s  
a lso  in d ica tiv e  o f cold conditions during the deposition  of the gravel 
because f lo a tin g  ice  i s  v i r tu a l ly  the only agent which could be respon­
s ib le  fo r  th e i r  occurrence in  the gravel*.
These sm all pieces of evidence alone do no t add up to  a convincing 
case fo r  confirm ing th a t the gravels of south Hampshire were deposited  in  
a cold c lim ate . However the ov er-rid in g  fa c to r  in  determ ining the environ­
ment of deposition  i s  the massive discharges necessary to  move th e  coarse 
gravel found in  the te r ra c e s . The only type o f f lu v ia l  regime which can 
provide such discharges is  the cool or cold clim ate one. I'/hen th is  i s  
re a lis e d  a l l  tlie otlier minor pieces of evidence co n trib u te  to  confirm th a t  
the c lim ate  when the te rra c e  gravels were deposited  was a cold i f  not 
p e r ig la c ia l  one.
The type o f flow which occurred w hile the g ravels were being deposited  
i s  problem atic. White’ s (1915) " s h if t in g  channels" seem to  suggest a 
b ra id in g  regime and th is  is  genera lly  thought to  be the so rt o f flow which 
occurred during cold episodes in  the P leistocene (Zeuner, 1959)* Doeglas 
( 1962) s ta te s  th a t  b ra id in g  req u ires  a low flow regime w ith  periodic 
extreme mxima while meandering i s  ty p ic a l o f uniform flow regim es. Bury 
( 1958) ,  however, regards meandering a s  ty p ic a l o f the episodes of g re a t 
d ischarge which formed h is  v a lle y  meanders and re c en tly  has a t t r ib u te d  a t  
le a s t  one period of such v a lley  meandering to  a  cold but warming period 
a t  the end of the  Devensian (on the Severn, Dury, Sinker & Pannet, 1972).
Orme and B ailey  (1971) s ta te  th a t  a t  bank f u l l ,  which was a lso  v a lle y  
bottom f u l l ,  on Monroe canyon, the stream was alm ost a d eb ris  chute and th a t
* B ird , 1967, s ta te s  th a t boulders eroded from the r iv e r  banks in  w inter 
by f ro s t  ac tio n  f a l l  on to  the ice  covering the r iv e r  and a re  frozen in  
and thus c a rr ie d  away when the spring  break-up occurs. S im ilarly  boulders 
on the stream bed may be frozen in to  the ic e  i n  th e  autumn and then 
c a rrie d  away in  the spring m elt.
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b ra id in g  only occurred as the w ater lev e l sank from bank (o r v a lle y )  f u l l  
to  a lower le v e l .  This seems to  be ty p ic a l of streams in  p e r ig la c ia l areas 
a t  p resen t where, a t  the spring  break-up, the whole v a lley  f lo o r  nay be 
covered by a  sheet of moving w ater washing gravel along w ith i t  (Hamelin 
& Cook, 1967; T r ic a r t ,  1970)« B raiding then only becomes im portant as 
the  flood le v e l subsides. I t  seems l ik e ly  th a t in  south Hampshire the 
la rg e s t  stream s, the S o len t, Avon and T e s t/ltch en , probably had a b ra id ing  
course a t  a l l  stages of th e i r  flow regime as the discharges necessary to  
cover a v a lle y  bottom as wide as th a t  of the S o len t’s 100 f t .  (50 m.) 
s tage a re  so large as to  be extremely improbable. The main gravels would 
be deposited  in  b ra id ing  channels in  the sp ring  break-up, each year 
causing the erosion  and reworking of a p o rtio n  of the previous y ea r’s 
d e p o s its . The sand f i l l i n g  the cliannels in  the gravel a s  a t  Hengistbury 
Head can be re fe rred  to  stages as  the r iv e r  le v e l f e l l  a f te r  the i n i t i a l  
sp ring  bank f u l l  le v e l.
The minor v a lle y s  such as  the v a lley s  of the Beaulieu and Lymington 
r iv e r s , however, probably lm.d th e i r  whole f lo o rs  flooded and behaved l ik e  
Bury’8 v a lle y s  but w ithout v a lley  meanders forming. The streams in  these 
v a lle y s  today a re  c e r ta in ly  m is f its  due to  c lim atic  change in  the way 
envisaged by Dury (1958) (see P la te  8)*.
I t  i s  possib le  th a t  the s tr a ig h t  or s l ig h t ly  sinuous courses, w ith  
steep  v a lle y  s id es , of the lower Beaulieu and Lymington R ivers a re  due 
to  th e i r  o r ig in a tin g  in  a cold  c lim ate . The form of th ese  v a lley s  i s  
s im ila r  to  v a lley s  described by T r ic a r t  (1970) as being ty p ic a l  of 
v a lle y s  formed under a  p e r ig la c ia l clim ate a t  p re sen t. The meandering 
v a lle y s  described  by Dury, such as the Warwick Itchen  o r the Sussex A run 
a re  f a r  o lder streams than the very  recen tly  developed Lymington and 
Beaulieu R ivers and p a rt of the  development o f th e i r  v a lle y  form must 
have occurred in  a warm c lim ate . The meandering of these  v a lley s  then 
may be merely a trimming process while the minor streams o f south 
Hampshire probably bad th e ir  e n t ire  o rig in  in  cold conditions and so 
th e i r  v a lle y  form r e f le c ts  f a r  more c lo se ly  the shape o f the p e r ig la c ia l  
v a lley s  described by T r ic a r t .
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I f  the gravels of south Hampshire a re  re fe rre d  to  cold clim ate 
f lu v ia l  deposition  i t  follows th a t  the b ric k ea rth  of the a rea  is  a lso  
most probably a f lu v ia l  d ep o s it, and as i t  is  of l i t t l e  d if f e re n t  age 
to  the g ravels (see Chapter I I I )  i t  too must have been deposited in  a 
cold c lim a te . B ird ( I 967) describes the g reat expanses of alluvium  l e f t  
on the v a lle y  f lo o rs  o f streams in  the Canadian a r c t ic  by over-bank flow 
during the spring break-up while T r ic a r t  (1970) s ta te s  th a t  r iv e r  r is e s  
o f 10 m. ( 32.8 f t . )  a re  not uncommon in  the sp ring  on streams in  S ib eria  
so the spreading of th is  sandy m ateria l across  the flood p la in  of the  
Solent R iver i s  e a s ily  explained. B ird ( I 967) s ta te s  th a t  these f in e  
d ep o sits  mantle the channel gravels of the streams and, because they are  
unvegetated, are  fu rth e r  d is tr ib u te d  by wind*.
In  th is  chapter i t  has been demonstrated th a t the gravels and b rick ­
e a rth  of south  Hampshire are  of f lu v ia l  r a th e r  than marine o rig in  and 
were deposited  in  a cold ra th e r  than  warm in te r  g la c ia l  c lim ate . The main 
fa c to r  co n tro llin g  th e  deposition  of the g ravels i s  thought to  have been 
the clim ate  a c tin g  through the vegeta tion  to  cause widespread open h a b ita ts  
and extreme ru n -o ff  and stream discharge. The bearing of th is  fa c t on the 
deposition  sequence during in te rg la c ia ls  w i l l  now be considered.
c) The f lu v ia l  d ep o sitio n a l sequence during in te rg la c ia ls
The clim ate during the deposition  of the River Solent gravels was a 
cold one. N evertheless the te rrac e s  appear to  r e la te  to  sea lev e ls  which
B ird s ta te s  th a t only moderate winds (around force 4 ) are  necessary 
to  cause dust clouds 200 m. (656 f t . )  h igh , in  summer in  northern  
Canada so the fu r th e r  d is tr ib u tio n  of these e s se n tia l ly  f lu v ia l  sands 
by wind i s  most l ik e ly .  The reworking of the south  Hampshire b r ic k -  
e a rth s  by wind p resen ts  some problems, however, because of th e  coarse 
na tu re  of much of the sand of which th is  a rea  i s  composed. I t  i s  
d i f f i c u l t  to  envisage th is  coarse m ateria l being blown f a r  by even 
q u ite  powerful winds so i t  seems l ik e ly  th a t  the  primary o r ig in  of 
the south Hampshire b ric k ea rth  was as a  f lu v ia l  d ep o sit.
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are  thought to  be in d ica tiv e  of in te rg la c ia l  cond itions. For th is  
reason i t  seems necessary to  re fe r  the periods of g ravel deposition  to  
a t r a n s i t io n a l  phase between f u l l  f a c i a l  and f u l l  in te rg la c ia l  con­
d it io n s .  T h eo re tica lly  th is  t r a n s i t io n a l  phase might be e i th e r  before 
an in te rg la c ia l  maximum (equivalen t perhaps to  p a rt o f the Late G lacia l 
o f the Devensian) or a f te r  i t  in  the c lim atic  decline  in to  the  succeeding 
g la c ia l  epoch.
In  view of what i s  known about the t r a n s i t io n  from the  end o f the 
Devensian to  the F landrian a la te  g la c ia l  age fo r  g ravel spreads does 
no t seem l ik e ly .  In  using  the Late G lacia l of the  Devensian as a  model 
o f cond itions a t  the end of any g la c ia l period i t  must, be remembered th a t 
th i s  p a r t ic u la r  period o f g la c ia l  to  in te rg la c ia l  t ra n s i t io n  may be un like  
the Anglian to  Hoxnian o r Wolstonian to  Ipswichian tra n s i t io n . At the  
end of the Devensian the sea lev e l r i s e  from the minimum of the l a s t  
g la c ia l  s tage was not complete u n t i l  po llen  zone V ila (th e  A tlan tic )  by 
which time the clim ate was a t  the stage of c lim a tic  optimum (Godwin, 
Suggate & W illis , 1958). D eposits o f th i s  F landrian tran sg ress io n  and 
the aggradation which accompanied i t  anywhere near O.D. co n s is t of peat 
and s i l t  (Everard, 1954a) and no f lu v ia l  gravel spread can be dated to  
the p o s t-g la c ia l .  Cool conditions do seem to  have p e rs is te d  in to  th e  
e a r ly  p a r t o f the sequence a t  Selsey (West & Sparks, I 96O) but by the time 
b rack ish  influences occur a t  th is  s i te  the clim ate was fu lly  tem perate.
At Swanscombe the lowest p a rt of the  sequence a lso  shows cool conditions 
(from the molluscan evidence -  Kerney, 1971) bu t here too these a re  soon 
rep laced  by fu l ly  temperate cond itions.
From these examples i t  can be seen th a t  gravel spreads do not appear 
to  be c h a ra c te r is t ic  o f g la c ia l  to  in te rg la c ia l  tra n s i t io n s  and although 
some g ravel may be deposited in  these episodes a s  a t  Swanscombe (Kerney, 
1971) ,  gravel te rrac e s  a re  not c h a ra c te r is t ic  o f the e a r ly  p a r t  o f  in te r -  
g la c ia ls .  The deposition  of th ick  gravel spreads in  f u l l  in te rg la c ia l
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conditions has been shown (above) to  be u n lik e ly  so the only phase of h i ^  
sea le v e l during which gravels could have been deposited i s  the t r a n s i t io n  
from in te rg la c ia l  to g la c ia l  cond itions.
The sequence which can be envisaged i s  as fo llow s. Towards the end 
o f an in te rg la c ia i  c lim atic  d e te r io ra tio n  se ts  in  and causes a general 
d e s tru c tio n  of fo re s t  cover and the spread of open cond itions. This in  
tu rn  a c c e le ra te s  ru n -o ff  and increases erosion . Under such conditions 
s o i l  p ro f ile s  a re  quickly swept away and gravel tran sp o rt in  streams 
commences as  ru n -o ff  from T%re ground and an increase in  stream load pro­
vides the " in g red ien ts"  fo r  th is  to  occur. Under these conditions the 
streams begin to  form braided channels although, in  the absence o f negative 
base le v e l change, l a te r a l  erosion i s  paramount and over sev e ra l reaches 
aggradation may occur. The widening o f stream channels under the influence 
o f increased  ru n -o ff i s  w ell documented -  see p a r tic u la r ly  Dury, 1958.
Orme and B ailey  (1971) describe a stream  in  Monroe Canyon, C a lifo rn ia , 
which was surveyed in  1942 and again  in  1958 and shoifed no change in  channel 
co n fig u ra tio n . In  1958 p r io r  to  the  vegeta tion  changes (see above.
Chapter TVb ) the channel was 1 to  2 m. wide (3 f t .  3 in s .  to  6 f t .  6 in s . )  
and .5 m. (1 f t .  7 in s .)  deep in  i t s  surveyed reg ion . A fte r  d e fo re s ta tio n  
and erosion  re-survey  took place in  I 969. A lth o u ^  complete re-su rvey  was 
im possible due to  the disappearance o f  reference po in ts in  the  extreme 
erosion  o f the channel, spec tacu lar changes had occurred. The channel was 
now 28-32 m. ( 9I  f t .  9 in s .  -  IO5 f t . )  wide and 5 m. (9 f t .  9 in s .)  deep 
and had a w ell marked "trench" shaped cross se c tio n . From th is  example i t  
can be shown th a t w hile some deepening and aggradation  of the stream  channel 
occurred a t  c e r ta in  po in ts the nain ac tio n  of the stream  was to  g re a tly  
widen i t s  channel. Shotton ( I 968) provides a  fu r th e r  example of channel 
widening under increased ru n -o ff  from the V/arwick Avon. At the top o f Avon 
te rra c e  no. 4 a g rea t overstep of gravel occurs, up to  I 4OO f t .  wide 
(426,7 m.) and 15 f t .  (4 .5  m.) th ic k , across the outcrop o f e a r l i e r  Ipsw ichian
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d e p o s its . This g rav e l, which contains a cold fauna, is  in te rp re ted  by 
Shotton as rep resen tin g  an ea rly  Devensian cold period p r io r  to  the 
maximum of the e a r ly  Devensian g la c ia tio n  which Shotton be lieves i s  r e ­
presented  by ttie abrupt downcutting to  Avon te rra c e  no. 5,
During th is  i n i t i a l  period o f erosion  most o f the f in e -g ra in ed  se d i­
ments (p e a t, s i l t  e tc .)  l e f t  by the previous in te rg la c ia l  are eroded away 
and much of the g ravel i s  deposited d ire c t ly  on to the lo ca l so lid  geology 
ra th e r  than  on to  the dep o sits  of the previous in te rg la c ia l  s tag e . This 
period  i s  rep laced  by one of powerful downcutting w ith  the streams aban­
doning l a te r a l  p lanation  fo r deep in c is io n  of th e ir  channels in  response 
to  the  f a l l  in  la.se lev e l caused by the e u s ta tic  f a l l  in  sea le v e l (R ust, 
1972, suggests th a t even in  braided r iv e rs  one branch o f the b ra id ing  
p a tte rn  i s  dominant; i t  i s  possib le  th a t  as downcutting commences i t  takes 
p lace along  the lin e  of th is  major branch). The excavation by th is  main 
branch of the b ra id ing  stream  continues u n t i l  the new (g la c ia l)  base le v e l 
i s  reached.
As the area of la te r a l  p lanation  and gravel deposition  in  b ra id ing  
channels i s  abandoned overbank flow deposits the f in e r  m ateria l c a rrie d  
by the stream  as  b ric k ea rth . In  some episodes the f a l l  in  base le v e l may 
be s u f f ic ie n t ly  f a s t  so as to  allow only a th in  lay er o f b rick ea rth  to  
be deposited  before the former f lo o d p la in  i s  abandoned and l e f t  as a 
te r ra c e  never to  be washed by the stream  again . I t  i s  d i f f i c u l t  to  account 
fo r  the b ric k ea rth  except in  terms o f overbank flow . This deposit i s  a l ­
most c e r ta in ly  f lu v ia l  -  see above. Chapter I I I  -  a l th o u ^  i t  may have some 
included aeo lian  m ateria l in  i t ,  but i t  i s  q u ite  un like  any a l lu v ia l  m a te ria l 
being deposited  in  the area  a t  presen t in  th a t  th e re  i s  l i t t l e  evidence -  
beyond one exposure a t  Barton -  o f any gravel in te r  fin g e rin g  or channeling 
the b r ic k e a rth . This sequence of f in e  d ep o sits  in te r -d ig i ta t in g  w ith  coarse 
i s  c h a ra c te r is t ic  o f recen t floodplains (see A llen , I 965) in  temperate a reas
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but l i t t l e  is  known of such deposits in  cold c lim ates. Czudek and Demek, 
1970, show photographs of S iberian  r iv e rs  w ith v a s t th icknesses o f b rick ­
ea rth  type m ate ria l overlying gravels in  a s im ila r  fash ion  (allow ing fo r  
d iffe ren ces  of sca le) to those of south Hampshire, The explanation  of the 
b ric k e a rth  of south Hampshire i s  made doubly d i f f i c u l t  by the f a c t  th a t  no 
geomorphologist has observed stream  ac tio n  under cooling conditions and 
a f a l l in g  base lev e l so d ifferences in  both process and magnitude com­
pared w ith  stream  ac tio n  even in  present high la t i tu d e s  may occur. However, 
as the b ric k ea rth  i s  alm ost c e r ta in ly  f lu v ia l  i t  i s  d i f f i c u l t  to  escape 
the conclusion  th a t i t  i s  an overbank deposit o f  some kind.
As the  r iv e r  lev e l f a l l s  so does the tem perature as the cause o f the  
f a l l  in  base lev e l i s  the f a l l  in  temperature which i s  a lso  causing th e  
e u s ta tic  f a l l  in  sea le v e l .  This f a l l  in  le v e l may not be continuous as  
the submerged te rra c e s  described by Everard (1954&) show, but even tually  
a  g la c ia l  minimum sea lev e l i s  reached. At maximum g la c ia tio n  i t  seems 
l ik e ly  th a t  stream flow is  g re a tly  reduced due to  the  increase  o f  water
*
being s to red  as land ic e  and, po ssib ly , to the decrease in  p re c ip ita tio n  ,
As the clim ate begins to  warm up in to  an in te r s ta d ia l  or in te rg la c ia l  
ru n -o ff  ag a in  increases to  a  maximum and gravel tran sp o rt occurs but under 
cond itions of unstab le  b ase-lev e l asso c ia ted  with the  ends o f g la c ia l  
periods no ind iv idual b ase-lev e l i s  held  fo r  long en o u ^  fo r  a su b s ta n tia l 
g ravel te r ra c e  to  be formed. F u rth er, by the time sea le v e l has r is e n  to
* Many o f the buried channels o f B r i t is h  streams a re  narrower in  th e i r  
deepest p a r ts  than the wide, immediately sub-surface, channels, Beckin- 
sa le  and Richardson ( I 964) ,  Hawkins ( I 962) and Shotton (19&8) a l l  des­
c rib e  sec tions in  which a  buried channel much narrower than  the previous 
l a t e r a l  p lan atio n  stage occurs. Whether ih is  i s  a  function  o f  decreased 
p re c ip ita tio n  causing a reduction  in  stream w idth, or due to  the tra n s ­
ference o f stream  energy to  downcutting ra th e r  than  la te r a l  e f fe c ts  i s  
u n c e rta in . The narrowness o f the buried channels may r e f le c t  a  com­
b in a tio n  of th ese  two fa c to rs .
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such a le v e l so as to  have d eposits  e a s ily  examinable (by th e i r  being 
c lose  to  presen t sea lev e l)  the clim ate has bee one f a r  too warm fo r  g ravel 
d ep o sitio n . By the time th is  stag© i s  reached f lu v ia l  deposition  i s  
s im ila r  to  the presen t w ith only f in e  sediments being deposited .
The above described sequence i s  to  some ex ten t sy n th e tic  in  th a t  in  
any area  examined only some of the described  stages may be p resen t. In  
ad d itio n  a s  a lready  s ta ted  the  sequence o f dep o sitio n al environments fo r  
any p a r t ic u la r  in te rg la c ia l  may vary  so c e r ta in  in te rg la c ia ls  may have a 
widespread gravel deposition  phase a t  th e i r  beginning w hile o thers may n o t, 
o r  a t  le a s t  have a phase o f g ravel d eposition  f a r  below present sea le v e l 
so th e i r  d ep o sits  a re  d i f f i c u l t  to  examine. I t  is  probable th a t  much o f 
the gravel deposition  a t  the g la c ia l / in te rg la c ia l  t r a n s i t io n  goes to  f i l l  
the buried  diannels of th e  previous g la c ia tio n . The th ic k  gravel in  the 
buried  channel o f f  Spithead has a lready  been mentioned (Chapter I I ) , but 
the base o f the i n f i l l s  o f the  Severn (Beckinsale & Richardson, I 964) ,  the 
B r is to l  Avon (Hawkins, I 962) and Thames (Woodward, I 909) ,  a re  a l l  g rav e lly  
and these g ravels may rep resen t the cold but warming conditions o f  the  end 
o f the l a s t  g la c ia tio n .
Suggestions by Sparks and West (1972) th a t a considerable f a l l  in  
base le v e l can occur w ithout any downcutting by streams due to  th e i r  shallow 
g rad ien t when near to  base le v e l do not seem to  be ap p licab le  to  south 
Hampshire. These authors suggest th a t  i f  a gen tly  s lop ing  sea bed is  
p resen t o ff-sh o ra , w ith a  f a l l  in  base le v e l streams would merely extend 
across  th is  a rea  and would not in c ise  th e i r  courses u n t i l  w ell in to  a 
g la c ia tio n  when sea le v e l had f a l le n  considerab ly . This explanation  may 
be app licab le  to  East Anglia where Sparks and West have p r in c ip a lly  worked 
but o f f  Hampshire the submarine slope e a s t  o f the  I s le  o f  W i^ t i s  s teep  
and any f a l l  in  base le v e l would cause downcutting to  begin ra p id ly .
F u rther evidence th a t  the  main episode o f g ravel deposition  i s  i n  the  
c lim atic  d e te r io ra tio n  a t  the end o f an In te rg la c ia l  i s  contained in  the
65
p o s itio n  of the f annal and arcliaeological renains asso c ia ted  w ith  the 
g rav e ls . S p e c if ic a lly , the p o s itio n  of th e  f o s s i l s  (u su a lly  mammalian 
bones) and a r t i f a c t s  may show the sequence o f clim ate under which th e  
gravels were deposited . As mmmalian remains can be re fe rre d  to  a par­
t i c u la r  clim ate ( a lb e i t  only te n ta t iv e ly  in  the case o f e x tin c t species) 
so in  s i tu  or only s l i ^ t l y  ro lle d  implements a lso  poin t to  c e r ta in  c l i ­
matic conclusions.
I t  has been w ell knoira fo r  a considerable time th a t  implements in  a 
sharp co n d itio n  a re  m ostly found a t  the  base o f P leistocene g ravel spreads. 
Abbott ( in  the d iscussion  to  Reid, 1893) suggests th a t  the implements 
found in  south Hampshire u su a lly  occur in  the bottom of the gravel (a c tu a lly  
"w ith in  two o r th re e  fe e t  o f the base") and Reid in  th is  paper (1893) 
describes f in d in g  a  Levai lo is  flak e  a t  the base o f  the 25 f t .  (8 m.) 
te r ra c e  g ravels  below Nelson’ s P lace , Cadland. Palmer and Cooke ( I 925) 
suggest th a t most of the sharp implements from the Portsmouth d i s t r i c t  
a re  in  the base of the g ravel o r re s t in g  on one of th e  lo ca l so lid  fo r­
m ations, while Bury ( I 925) describes p a la eo lith s  from the base o f the 
gravel a t  Southampton Common (SU 415145) and B itte m e  (SCT 448132). Calkin 
and Green (1949) s ta te  th a t  most implements r e s t  on th e  T e rtia ry  clay 
below the gravel in  the Bournemouth a rea  while Wymer ( I 968) in  h is  ex­
haustive  g a z e tte e r  of Thames v a lle y  Lower la la e o l i th ic  s i te s  mentions 
many lo c a l i t i e s  on a l l  the te rra c e s  o f the lov/er Thames where sharp im­
plements l i e  a t  the base of the g ra v e l, e i th e r  d ire c t ly  on the so lid  
geology or in  the lowest le v e ls  of th e  g rav e l. By c o n tra s t , implements 
recovered from higher lev e ls  in  the gravel are  always much ro l le d .
Wymer contends th a t  th i s  d is tr ib u tio n  of implements w ith the sharpest 
a t  the  bottom of the gravel spreads and the most ro lle d  w ith in  th e  g ravel 
i s  a  r e s u l t  o f the  te rra c e s  being constructed  of "the sweepings o f anc ien t 
land su rfaces" in  which any implements l e f t  beside an in te rg la c ia l  stream  
a re  soon buried  by gravel as  c lim a tic  d e te r io ra tio n  s e ts  in .  The more
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ro lle d  implements are  those which have e ith e r  been re-excavated from under 
th e i r  gravel cover by the  b ra id ing  channels o f th e  r iv e r  l a t e r  in  the 
phase of c lim a tic  d e te r io ra tio n , or implements wliich by chance have not 
been Incorporated in to  the g ravels u n t i l  th is  l a t e r  s ta g e .
Tlie s i t e s  which con tain  sharp implements such a s  the famous p i t  in  
the Boyn H il l  te rra c e  of the Thames a t  Furze P la t t ,  Maidenhead (Wymer, 
p .221) o ften  Imve an appearance o f the  coarse gravel of the  te rra c e  having 
been deposited  in  a  "g rea t rush" over th e  implements and the chalk which 
here forms th e  so lid  geology, and on which the implements l i e .  This flood 
of g ravel was la id  down w ithout damaging or even g re a tly  d is tu rb in g  the  
implements. Wymer s ta te s  th a t  the s i tu a t io n  a t  Furze P la t t  i s  ra re  and the 
more usual p a tte rn  fo r  the end o f an  in te rg la c ia l  is  fo r  a l l  th e  s o i l  and 
f in e  m ate ria l ( to g e th e r w ith  the  implements) to  be swept away by the ex­
treme cond itions of g ravel tra n sp o r t.
Many of the san m lian  remains found below ihe gravels a re  o f warm 
species such a s  Palaeoloxodon antiguus (% ,lconer and Cautley) and Hippo­
potamus amphibius (L inne). Franks ( I 96O) shows th a t  the faunal remains 
found in  a s so c ia tio n  w ith an Ipswichian pollen  spectrum and macroscopic 
p lan t remains such as  Corylus n u ts , Acer f r u i t s  and Trapa natans (Linne) 
f r u i t s  a t  T ra fa lg a r Square, London, are  beneath the deposits  o f  the  Upper 
F loodplain te r ra c e  o f the Thames ( in  th is  case sands capped w ith  gravel 
r a th e r  than gravel a lo n e ) . S im ilarly  a t  Selsey, the Ipswichian dep o sits  
con ta in ing  D icerorhinus hemitoechus. Hippopotamus, Megaceros sp .(? )  and 
Bama dama ( c le a r ly  a warm fauna) l i e  d ire c t ly  below West and Sparks’s ( I 96O) 
ra ise d  beach which appears to  be re la te d  to  the 25 f t .  (8 m.) te rra c e  o f 
the S o len t.
In  c o n tra s t the co ld  mmmalian species u su a lly  occur in  b ric k ea rth  
overly ing  the te rra c e  g ra v e ls . The Crayford b rick ea rth  con tains a  ty p ic a l 
"cold" fauna comprising Mammuthus primigenius (Blumenbach), Coelodonta 
a n t iq u i ta t i s  (Blumenbach) and Equus przew alski. The b ric k ea rth  in  which
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tiiose specimens occur l i e s  on a  gravel which in  tu rn  r e s ts  on the  chalk . 
This g ravel nay be o f Upper F loodplain te rra c e  age (Kenaard, I 944)* ,
T^om th is  evidence i t  can be aliowa tlia t  c e r ta in  b rickeartlis  a re  cool 
c lim ate f lu v ia l  d ep o s its . I t  does not neoeasarlly  follcrw from th is  tM t 
a l l  b rick aa rth s  a re  thus of cool clim ate o r ig in  but i t  does in d ica te  th a t  
those f in e  g rained  sediments may form under such co nd itions. I t  I s  a lso  
p ossib le  fo r  b rick ea rth  re s t in g  on gravel to  rep resen t a warm episode as 
in  the case o f the Larer Loam of B am fie ld  p i t ,  Swanscombe, which i s  
s iin ila r  to  b ric k ea rth  in  i t s  d e sc rip tio n  and i s  regarded by Kerney (1971) 
as  o f f u l l  tem perate o r ig in . However the la rg e  spreads o f b rick ea rth  in  
the London a rea  (m ostly now quarried  sway) and in  south Hampshire seem to  
rep resen t cool clim ate f lu v ia l  d ep o sitio n , probably formed by overbank 
flow during episodes o f increased stream a c tio n  due to  increased  ru n -o ff .
Kemiard, who describes th is  Crayford deposit and i t s  fauna, regards 
i t  as a  warm assemblage and quotes Falconer a s  regard ing  the mammoth 
as a tem perate sp ec ies . Kennard s ta te s  th a t  no (warm-blooded) mamal 
would choose to  l iv e  in  a  tundra environment l ik e  tlia t u su a lly  envi­
saged fo r  the mammoth and even s ta te s  th a t  a  mammoth liv in g  in  the 
tundra would s ta rv e  to  death  because o f the poor g razing  provided by 
tundra p la n ts .  This ra th e r  unusual opinion o f Kennard*a can be re ­
fu ted  by reference  to  Farrand ( I 96I )  who gives a  summary o f  the d is ­
tr ib u tio n  o f frozen  mammoth remains In  S ib eria  and describes a po llen  
a n a ly s is  o f  the stomach contents o f the famous Bereaovka laamEwth. The 
tre e  po llen  In th is  specimen’s  stomach i s  from only a few species  and 
tJiese are the a r c t i c  types S alix  p o la r is , Pinus s p .,  L arix  s p . ,  Abies 
sp . and Be tu la  nana. The herW ceous po llen  on the o ther hand f i l l s  a 
long l i s t  ( l^ ra ^ id , p .73l )  and co n s is ts  o f  an assemblage o f "b o re a l, 
meadow and tundra p lan ts” .  Ih.rrand a lso  s ta te s  th a t  th e  frozen  mammoth 
carcases found were a l l  o f robust in d iv id u a ls , not the dwarfed and 
tliin  examples %diich would bo expected i f  the mammoth had been forced 
to  l iv e  in  an unfavourable h a b ita t by being unable to  compete w ith  
more su ccessfu l sp e c ie s . H eintz (1958) gives a ^4c date  fo r  th e  Berezovka 
mmomoth o f around 39,000 years B.P. This fu r th e r  in d ica te s  tlie maiamoth’s 
p reference fo r  l iv in g  in  a su b -a rc tic  o r tundra environment as t h i s  d a te  
in  the Middle Weichsel (Devensian) i s  c lo se  to  the apogee o f  maimoth 
development (Kurten, I 968) and shows th a t  many o f the frozen  mammoths 
o f S ib eria  were not the remnants o f a waisaer c lim ate  population puslied 
to  e x tin c tio n  in  aa  unfavourable environment a t  the end o f  th e  Welch- 
s e lia n .
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Chapter V. The S tra tig raphy  and Enviroim ental Slarnlflcance o f P leistocene
Deposits a t  Stcme Poin t* .
a) In tro d u ctio n
On the Hampshire coast a t  Stone, P le istocene deposits  comprising 
g rav e l, sand, c lay  and peat outcrop on the foreshore and in  the  c l i f f  
behind i t .
Organic horizons were f i r s t  described a t  Stone by Reid (1893). He 
recognised th e i r  P leistocene age and id e n tif ie d  a f lo ra  in d ica tiv e  o f mild 
c lim a tic  con d itio n s. The s tra tig ra p h y  of the  P leistocene deposits  was con­
s idered  b r ie f ly  by Palmer and Cooke (1925); they recognised the gravels of 
a  15 f t .  (4*6 m.) te rra c e  a t  Stone overly ing  the organic d ep o sits , but 
they considered the l a t t e r  to  p re-da te  not only the 15 f t .  te rrace  but 
a lso  an e a r l i e r  50 f t .  (15.2 m.) te r ra c e . The organic horizons were re ­
examined by West and Sparks ( I 96O), who placed them, on the b as is  o f po llen  
evidence, in  zone f  of the Ipswichian In te rg la c ia l  ( ip  I lb ) ,  At the time 
o f the l a t t e r  in v e s tig a tio n  the s i te  was la rg e ly  covered by recen t in te r ­
t id a l  sediments and no d e ta ile d  s tra t ig m p h ic a l  study was p o ssib le . The 
p resen t account provides a re -a p p ra isa l of th e  s tra tig ra p h y  of the s i te  and 
describes organic sedim ents, including  several horizons of Phragmites p e a t, 
a t  le v e ls  s l ig h t ly  above O.D. and therefo re  higher than th e  m ateria l d is ­
cussed by West and Sparks. During the  p resen t in v estig a tio n  the P le istocene  
s tra tig ra p h y  a t  Stone was studied in  numerous excavations and auger holes 
on the fo reshore . Forty tliree sec tions were measured and many a d d itio n a l 
unmeasured t r i a l  p i t s  and auger holes were located  between the  main exca­
v a tio n s . The d is tr ib u tio n  o f the  more c r i t i c a l  sec tions i s  ind ica ted  in  
F ig u res 1 2 -1 4 .
* This chap ter i s  the  te x t of a paper by Brown e t  a l . ,  1975, Proceedings 
of the Geologists* A ssociation, in  the p ress .
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b) S tra tig raphy^
Figure 14 in d ica te s  the main r e l i e f  and outcrop fe a tu re s  a t  Stone.
The c l i f f  which f a l l s  5 .0 -5 .5  m. (16-17 f t . )  to  the beach from a le v e l of 
about 7*5 (25 f t . ) ,  exposes a th in  (<  1.0  m.) lay e r of b rick earth
re s t in g  on coarse g rav e l, termed in  th is  account the Upper G ravel. At most 
times the lower p a rt of the  c l i f f  i s  covered in  ta lu s , but sh o rt- liv e d  
sometimes extensive exposures can occasionally  be observed. The upper 
p a r t  of the  i n t e r - t id a l  zone slopes seaward a t  an angle of about 8° fo r  a 
d istance  of about 15 m. (50 f t . ) .  Near the foo t of the c l i f f  th is  slope 
i s  covered by a modern beach of shingle and sand. At the seaward margin 
of the slope. P le istocene  deposits  were exposed during the period o f in ­
v e s tig a tio n  (1971-75) • The lower p a r t o f the in te r - t id a l  zone slopes sea­
ward more gen tly  (<  1. 5°) and is  everywhere covered by a th in  lay er of 
recen t in te r - t id a l  sediments. At low tid e s  a broad area  of th is  in te r ­
t id a l  f l a t  i s  exposed.
On the area of foreshore in v estig a ted  the organic beds are separated 
in to  two outcrops occupying depressions in  underlying gravel and sand, 
termed here the  Lower Gravel. Between the two organic outcrops the Lower 
Gravel comes to  the su rface . Eastward and westward th e  P leistocene deposits 
were found ( p i t s  24 and 48- 51) to  pass beneath in creasin g  th icknesses of 
presen t-day  beach m ate ria l and boundaries have not been tra ced . The general 
form of the deposits  may be in fe rred  however and i s  discussed below. Sea­
ward the P leistocene beds have been traced  out on to  the in te r - t id a l  f l a t  
( p i t s  1 , 2 and 11- 15) and appear to  pass beyond the  low tid e  mark**,
S tra tig ra p h ic a lly  the lowest member of the P leistocene succession i s  
everywhere the Lower Gravel. In  composition (Table la )  and general appea­
rance the Lower Gravel i s  s im ila r  to  te rra c e  g ravels o f the former River
* By the p resen t author and C.P. Green.
** D etailed  s tu d ies  have been concentrated around the more w esterly  of
the  two organic outcrops (F ig .12).
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S olen t, The f l i n t s  of which i t  i s  la rg e ly  composed, while obviously 
abraded, a re  mainly angular. The bulk of the deposit seems to  be g ravel; 
beds o f sand are p resen t but no s tru c tu re s  were observed. The f u l l  ex ten t 
o f th e  Lower Gravel is  unknown; i t  i s  n o t, however, p resen t a t  Lepe Coast­
guard house, 0.6 km. ( 65O yds.) west of Stone, nor a t  Cadland, 2 .0  km.
( I ’l ’ m iles) n o rth -eas t of Stone. At both these s i te s  the gravel of a 
7.6  m. te r ra c e  r e s t s  d ire c t ly  on the T e r tia r ie s  and i t s  base i s  a t  approxi­
m ately the same lev e l as the  base of the  Upper Gravel a t  Stone, The Lower 
Gravel appears therefo re  to  occupy a depression cu t in  th e  T e r tia r ie s  to  
below presen t sea le v e l .  Where the  Lower Gravel comes to  the  surface , 
p i t s  (22- 27) dug through the modem beach encountered up to  2.4  m. (8 f t . )  
o f gravel beneath the beach shingle w ithout reaching  a base. Where the  
Lower Gravel and the  organic beds outcrop on the  fo reshore , they are u sually  
separated by a th in  ( < 0.25 m.) (10 inch) bed of pebbly c lay  (examined in  
p i t s  40- 45) '  lîi the underlying Lower Gravel p a rts  o f a p ro f ile  resem bling 
the bleached ( iro n  pan) and C horizons of a podzol were observed.
The organic beds r e s t  on a genera lly  f l a t  surface which slopes very  
gen tly  seaward. The f u l l  th ickness of th e  surviving organic deposits  has 
been e s ta b lish ed  a t  16 p o in ts  and nowhere exceeds 2.2 m. (7 f t . ) .  The 
complete s tra tig ra p h y  of the  organic d eposits  cannot be described from a 
s in g le  se c tio n . The topmost horizons a re  preserved on the  south-western 
s ide  o f the exposure where lower horizons, which are present fu r th e r  down 
the beach, are  ab sen t. The estu a rin e  s i l t y  clays and freshw ater d e tr i tu s  
mud described by West and Sparks a re  no t encountered beneath th e  deposits  
described here and probably l i e  to  seaward.
The organic d eposits  co n s is t of d is t in c t  peat horizons and lenses 
between 2 and 24 cm. (1 and 10 Inches) th ick  con tain ing  abundant remains 
o f Phragm ites. which a l te rn a te  w ith  homogeneous dark grey ( 5?  5*5/ 1) 
e s tu a rin e  c la y . The outcrop of four peat horizons (A-D) could be traced  
on the beach and in to  p i t  s e c tio n s , and a  fu r th e r  horizon (E) was recognised
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a t  depth . Peats C and D merge together in  places and are n o ticeab ly  
v a ria b le  in  th ick n ess . The dip of the peat horizons i s  ir re g u la r  in  
d e ta i l  but i s  genera lly  inward from the edge o f the organic d eposit a t  
angles between 1^ and 6° . The peat horizons a re  h ighly  compressed and 
have laminae which, except in  peat A, are separated by th in  lay ers  of c la y . 
The ee tu arin e  clays are  in  general not obviously organic, but lenses 
o f organic c lay  occur in  the th ick  c lay  horizon in  the  upper p a rt o f the 
succession between peats A and B, This c lay  yielded molluscan remains, 
abundant p la n t m acro-fossils  aM a t i b i a  of Dana dam, Linn, The uppermost 
c lays in  p i ts  44 and 45 show signs o f w eathering.
The Upper Gravel, lik e  the Lower Gravel, resembles te rra c e  g i^vels  of 
the former R iver S o len t, both in  composition (Table la )  and s tru c tu re .
Coarse gravel i s  la rg e ly  predominant but a few beds of f in e  gravel and sand 
a re  p re sen t. Obscure im brication  and h o rizo n ta l s t r a t i f i c a t io n  are common 
in  the gravel and c ross  bedding occurs in  some o f the  f in e r  m a te ria l. Cross 
bedding a t  Stone in d ica te s  a cuirrent d ire c tio n  from approximately 280°U,
An e a s te r ly  trend  i s ,  understandably, ty p ic a l in  the curren t bedding of 
most of the  gravel te rra c e s  of the  former S o len t, The Upper Gravel forms 
p a r t of a 7,6  m. (25 f t , )  te r ra c e , ex tensive ly  preserved between Calshot 
and Lymington. At Cadland, c l i f f s  in  the gravel o f th is  te rra c e  show, in  
a d d itio n  to  the fea tu re s  displayed a t  Stone, cu t and f i l l  s tru c tu re s , and 
numerous pebb le-size  mud c la s ts  in  the g rav e l.
West and Sparks ( I 96O) suggest th a t  the  organic deposits a t  Stone pass 
l ik e  those a t  Selsey beneath the g ravels  which form the c l i f f .  Examination 
o f the upper p a rt of the beach shows th a t  th i s  i s  not now the case . In  
p i t s  52,  33, 37 and 40-42 no sign  of the organic beds was seen a t  the 
app rop ria te  le v e l .  The organic beds are l ik e ly ,  however, to  have passed 
beneath the Upper Gravel when th e  c l i f f ,  which i s  su ffe rin g  erosion a t  the 
p resen t tim e, stood fu rth e r  to  seaward, Reid (1893) s ta te s  th a t  th e  c lay  
• d is t in c t ly  underlies* the  g rav e l. F igure13, section  A in d ica te s  a  steep
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margin to  the organic deposits  a t  th e i r  north-w estern lim it and sec tio n  B 
shows th a t  the underlying pebbly c lay  and Lower Gravel can be traced  in to  
the c l i f f ,  up to  a le v e l of about 2,0 m. (6 f t .  7 in s ,)  O.D., where the 
Lower Gravel i s  d i r e c t ly  ov erla in  by the  Upper Gravel, w ithout any in te r ­
vening organic bed. The base o f the Upper Gravel i s  ev iden tly  a le v e l 
above which organic horizons are u n lik e ly  to  have survived; th erefo re  
l i t t l e  or none of the organic succession i s  lo s t  as a re s u l t  o f p resen t- 
day erosion , and there  i s  sm all lik e lih o o d  th a t  organic horizons higher 
than those described in  th is  account e x is t  a t  Stone.
When the  lower p a rt of the  c l i f f  has been exposed, the  junction  be­
tween the Lower and Upper Gravels has been traced  to  the east of p i t  33» 
a t  about the  same le v e l ,  over a d istance of 85 m. (266 f t . ) .  However, the 
c l i f f  exposure to  the west o f p i t  35 and sec tions th ro u ^  the  upper p a rt 
of the b ^ c h  show th a t  th e  junction  of the Upper Gravel w ith the underlying 
dep o sits  i s  uneven. Moreover patches of g rav e l, thought to  be the Upper 
Gravel, have been found on the  in te r - t id a l  f l a t ,  r e s t in g  d ire c t ly  on the 
organic c lay  ( p i t s  11- 15) ,
c) F lo ra*
( i )  C o llection  and p rep ara tio n .
Pollen  samples were co lle c te d  from the faces of p i t s  44 (peat A),
45 (pea ts  B-D) and 34 (peats  B-E). Peat horizons were sampled sep ara te ly  
except in  p i t  34, The c o rre la tio n  of peat horizons between p i ts  was 
po ssib le  both s tr a t ig ra p h ic a lly  and on the b a s is  of p o llen  evidence.
P ollen  i s  abundant in  most samples, wliether from peat o r  c la y . Grains 
a re  u su a lly  w ell preserved although squashed and badly folded grains made 
id e n t i f ic a t io n  d i f f i c u l t  in  some in stan ces.
Bulk samples were co llec ted  f o r  both molluscan and p lan t m acrofossil 
an a ly s is  from p i ts  44 and 45 and from exposures on the  foreshore (Figure 34) •
By R.C, Brown,
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P lan t remains were taken from the samples a f te r  the e x tra c tio n  o f the 
m olluscs. One sample ( p i t  55) was taken from a surface exposure of c lay , 
r ic h  in  p lan t remains, between peats A and B, s p e c if ic a lly  to  examine the 
p lan t m acro fossils ,
( i i )  Palaeoecology,
The po llen  spec tra  a re  s im ila r  to  those described by West and Sparks 
( i 960) from lower in  the succession a t  Stone and from the upper horizons 
a t  Selsey, and placed by them in  zone f  o f the  Ipswichian in te rg la c ia l  
( ip  I l b ) .  Much of th e i r  in te rp re ta tio n  can be extended to  the present 
r e s u l t s .  The d iffe ren ces  are  in  the  occurrence o f Carpinus, possib ly  
p lac ing  the deposits  n earer the top of zone f  (Sparks & West, 1970), and 
in  the h igher frequency of po llen  of Acer and Chenopodiaceae,
The proportion  of tre e  po llen  v a rie s  from 46 to  62 per cen t, except 
in  the weathered horizons in  p i ts  44 and 45# Higher frequencies here 
(54 to  75 per cent) a re  in te rp re te d  below. According to  Pennington (1970)
46 to  62 per cent AP does not in d ica te  a closed fo re s t cover, although in  
the p resen t case allowance must be made fo r  over-rep resen ta tion  of HAP from 
p lan t communities in  the immediate in te r - t id a l  zone. N evertheless a rb o rea l 
m acrofossils are  lo c a lly  abundant and suggest proxim ity to  the  former 
fo re s t  community.
There i s  l i t t l e  change of in d iv id u al po llen  frequencies in  the p ro f i le s  
and i t  i s  u n lik e ly  th a t  changes of reg ional v egeta tion  occurred. Only in  
the weathered c lay  a t  the top o f p i t  45 i s  any marked change apparen t. Here 
Pinus and Alnus values r is e  and Quercus shows a marked decrease. This may 
r e f le c t  d iffe ren ces  between marine and freshw ater environments ( c f .  West & 
Sparks, I 96O). However, Quercus g ra in s show signs of decay in  th is  horizon 
and po llen  i s  much le s s  freq u en t. I t  seems more l ik e ly  th e re fo re  th a t  the  
low Quercus values r e f le c t  se le c tiv e  oxidation o f t h i s  sp ec ies. S e lec tiv e  
ox idation  may a lso  have a ffec ted  NAP in  th is  horizon and may ex p la in  the 
h igher AP frequencies mentioned above. A ll the re s u l ts  obtained from th is
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weathered horizon a re  d isregarded in  the p resen t palaeoecological in te r ­
p re ta tio n .
Quercus forms a co n s is te n tly  high percentage o f the t r e e  po llen  
(47-79 per cen t) and po in ts to  a reg ional vegeta tion  dominated by oak.
The presence throughout the d ep o sits  of small q u an titie s  of Acer po llen  
( 5-24 per c e n t) , which i s  normally under-represented in  pollen  ra in , 
suggests th a t  the fo re s t  included a  f a i r ly  h i ^  proportion of Acer t r e e s .  
Conversely, small amounts of Pinus pollen  (2-27 per cent) suggest th a t  
few Pinus tre e s  veve  p re sen t.
The amount of Alnus po llen  increases s l ig h t ly  in  peat A, This e ith e r  
r e f le c ts  an in creasin g  reg ional importance of Alnus. or i s  associa ted  w ith 
the change to  fre sh e r  w ater conditions ind icated  by th is  p ea t. The po llen  
o f B etu la . Ulmus and Carpinus a re  sp o rad ica lly  p resent throughout the 
succession, and tre e s  of these genera were probably presen t in  the  f o re s t .
P o llen  of Carya. Tsuga. C e ltic  and Sciadopytis. and a number of d is ­
t in c t iv e  w ell preserved , bu t u n id e n tifie d  g ra ins a re  probably derived from 
nearby T e rtia ry  beds. Grains of Carya in  zone b a t  Selsey a re  considered by 
West and Sparks to  be derived . Picea and type *A* c f .  Taxas pollen  may 
a lso  be derived . Grains of Picea were in  general the le a s t  w ell preserved.
Pollen  from the  herbaceous group c o n s titu te s  from 12 to  55 per cen t 
of t o t a l  and i s  c h ie f ly  made up from pollen  of Gramineae (7-50 per cent) and 
to  a  le s s e r  ex ten t of Chenopodiaceae (3-54 per c e n t) .  Grass po llen  was 
probably con tribu ted  to  the spectrum from both the  lo c a l reed community 
and from the reg ional oak fo re s t .
A lte rn a tio n s  of freshw ater and marine conditions a re  f a in t ly  apparent 
in  the p o llen  succession. Pollen  of Gramineae and, as West and Sparks found 
a t  lower le v e ls ,  of Sparganium a re  more frequent in  the  freshw ater d e p o s its . 
N evertheless the h ighest frequency o f Chenopodiaceae po llen  (54 p er cent) 
i s  in  pea t A,
P lan t m acrofossils support the pollen  evidence. Remains o f 
Quercus robur a re  common in  the d ep o sits , e sp ec ia lly  in  the  c lay  between
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peats A and B, where they include wood (gome with bark a ttach ed ), buds, 
cupules and f r u i t  (see P la te  18). These were presum bly derived from 
fo re s t  a t  the edge of the marsh, since no t re e  remains a re  rooted in  the 
d e p o s its . Fragments of Acer f r u i t s  (w ithout wings) a re  a lso  qu ite  freq u en t. 
The o th er remains derived from the t e r r e s t r i a l  veg e ta tio n  include a f ra g ­
ment of Pterldium  equilinum with s o r i and spores p resen t.
Apart from t e r r e s t r i a l  p lan t remains, the clays c h ie f ly  con ta in  the 
remains of s a ltm rs h  sp ec ies, confirm ing molluscan evidence of the in te r ­
t id a l  nature of the sedim ents. A ster trip o liu m , one or more species of 
A tr ip lex . Glaux oaritim a and Sclrpus m ritim u s  a re  p re sen t. In  the p ea ts , 
on the  o th er hand, s a l t  m rsh  and freshw ater species are  equally  frequent 
except in  peat A which contains almost exc lusive ly  freshw ater spec ies. Such 
m ixtures would r e s u l t  from period ic  flooding o f reed consmmities which la  
a lso  suggested by the  presence of c lay  and molluscs in  these p ea ts . F re^ i- 
w ater species include Carex c f  r in a r ia . Carex o f rostra-t a . H.ydrocotyle 
v u lg a r is . Lemna s p .,  Lycop)i8 eurouaeus. Menyanthes t r i f o l i a  t a , Ranunculus 
sc e le ra tu s  and Sparganium sp .
d) H ollusca*
( i )  P reparation  and id e n t i f ic a t io n .
S h e lls  were separated from the bulk am ples previously  mentioned. 
Samples of 1 kg. ( a i r  dry w ei^ it) were heated to  100°G in  an oven fo r  
sev era l hours snd then scaked in  10^  KaCH fo r  varying lengths of tim e.
They were subsequently wet sieved, w ith a strong  j e t  of w ater, thirough 
a  250p sieve .
The molluscan remains a t  Stone a re  spo rad ica lly  d is tr ib u te d , 
o ften  fragm entary and frequen tly  cannot be determined to  sp e c ific  le v e l 
w ith  c e r ta in ty .  S hells  of Hydrobla ventrosa were commonly recovered in ta c t .  
Specimens of Hvdrobia ulvae were sometimes complete bu t genera lly  ra th e r
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abraded. The coimta of Phytia myosotis are  based on a p ica l fragm ents, 
though fragments of l ip  and colum ella occur. In ta c t  speciiæns o f Scrobi- 
c u la r ia  p lana can be found on the fo reshore , but none was recovered in ta c t  
in  the samples. This species was recognised on the b as is  of hinge frag ­
ments which are  v ario u sly  preserved. Like Ostracods and Foram inifera i t  
i s  ra re  in  the deposits  examined.
( i i )  Palaeoecology.
Both th e  ccaaposition and the sporadic d is tr ib u tio n  o f the molluscan 
fauna a re  of in te r e s t .  The fauna resembles th a t  found in  the lower horizons 
o f the Stone deposit by West and Sparks ( I 96O). These authors* arguments 
and conclusions can be app lied  to  th e  m ateria l described h e re .
A ll fo u r species of mollusc recorded are d iagnostic  o f b rack ish  w ater. 
The dominant spec ies, Hydrobia ven trosa and the  le s s  conmon Phytia myosotis 
a re  more frequen t today in  the upper p a r ts  of the  in te r - t id a l  zone, whereas 
Hydrobia u lvae and S cro b icu la ria  are generally  more abundant in  the more 
s a lin e  conditions o f the lower p a r t .  In  the in  t e r - t id a l  environment con­
s id e rab le  mixing of faunas can be expected due to  the ac tio n  o f t id e s  and 
stoiaas. A dditionally  the behaviour o f molluscs has to  be considered.
Hydrobia u lv ae . fo r  example, i s  known to  f lo a t  in  and out on t id e s ,  as w ell 
as  crawl sh o rt d istances and burrow (C h a tfie ld , 1972). Where su b s ta n tia l 
numbers o f molluscs occur in  the presen t deposits  and in  the sediments 
described by West and Spares ( I 96O), the faunas in d ica te  th a t  th e  c lay s  
were c o l le c tin g  in  the upper p a rts  o f a  s a l t  marsh. When s h e l ls ,  p a r tic u ­
la r ly  the  Hydrobids, do occur a t  a  p a r t ic u la r  horizon, they  are found in  
thousands, ex ac tly  as they can sometimes be seen on modern t id a l  f l a t s .
The la rg e s t  numbers l i e  between peats  A and B and below peat D. They appear 
p a tc h ily  elsew here, and th e i r  d is tr ib u tio n  probably r e f le c ts  th e  presence o f 
shallow rid g es  and hollows on the mud surface on which they  liv e d . The 
occasional occurrence o f  in te r - t id a l  species in  the  Phragmites pea ts  can 
probably be explained by deposition  during excep tionally  high t id e s  o r  storms,
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The general absence of freshw ater and t e r r e s t r i a l  species in  what 
must have been fre sh  or only weakly sa lin e  environments i s  p a r t ic u la r ly  
in te re s t in g . Sediments co lle c tin g  in  brackish conditions nearly  always 
con tain  some marsh and/or t e r r e s t r i a l  species where there  i s  some f lu v ia l  
in flu en ce . Such sh e lls  are  re -deposited  a f te r  f a l l in g  in to  a stream from 
v eg e ta tio n , o r being eroded from a stream  bed or bank ( c f .  Selsey, West & 
Sparks, I960, Table 4» W retton, Sparks & West, 1970, p .24). The to ta l  
absence o f land and freshw ater sh e lls  suggests th a t  the  s i t e  upon which 
the Stone in te r  g la c ia l  beds were deposited  was not s ig n if ic a n tly  influenced 
by freshw ater streams while the sediments were c o lle c tin g .
e) Discussion*
The P le istocene  d eposits  a t  Stone have previously  a t tra c te d  le ss  
a t te n t io n  than those a t  Selsey and have been described le s s  thoroughly 
(Reid, 1892, 1893» West & Sparks, I 96O). They have been th o u ^ t ,  moreover, 
merely to  confirm c e r ta in  fe a tu re s  of a more complete record a t  Selsey.
In  the p resen t account i t  i s  shown th a t  th e  Stone dep o sits  d i f f e r  in  
sev era l im portant resp ec ts  from those a t  Selsey.
At Selsey the  P leistocene succession can be in te rp re te d  as  a f a i r l y  
ty p ic a l Ipsw ichian one. During periods o f low sea lev e l associa ted  w ith  
g la c ia tio n  p r io r  to  the  Ipswichian v a lle y s  and channels were eroded to  
le v e ls  below the present sea le v e l. Aggradation o f these v a lley s  and 
channels occurred as the  clim ate improved and the sea lev e l rose during 
the  Ipsw ichian.
At Selsey , West and Sparks ( I 96O) describe continuous freshw ater 
sedim entation ( th e i r  Bed l ) ,  from a t  le a s t  as  low as -4 .0  m. ( I 3 f t . )  O.D. 
to  a t  le a s t  as high as -1 .0  m. (3 f t . )  O.D., rep resen tin g  Ipsw ichian p o llen  
zones b -c  ( la te  W olstonian-early Ipswichian t r a n s i t io n ) .  They recognise 
a  f a l l  o f w ater le v e l during zone c , to  explain  the erosion  of th e  surface
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o f Bed 1. Water lev e l cannot have fa l le n  below -4 .0  m. (15 f t . )  O.D., i f  
as West and Sparks b e liev e , sedim entation is  continuous a t  th a t  le v e l between 
Bed 1 (zones b-c) and Bed 2 (zone d onward). Above th is  le v e l Bed 2 spreads 
unconforraably across the eroded surface of Bed 1. T hereafter sedim entation 
continued w ithout in te rru p tio n  in to  zone f ,  to  a le v e l of a t  le a s t  - 1.0  m.
(5 f t . )  C .B .. At - I .76 m. (5 f t .  6 in s .)  O.B., w ith in  zone f ,  evidence of 
b rack ish  conditions cornea in  but sedim entation is  continuous.
West and Sparks regard the  Selsey d ep o sits  as having been la id  down 
in  a lake or slow moving r iv e r .  The generally  clayey and s i l t y  sediments 
a re  c e r ta in ly  co n sis ten t w ith sedim entation in  a quiescent environment 
( a l th o u ^  e r r a t ic  boulders in  Bed 1 are  p roblem atic). I t  i s  a lso  evident 
th a t  tlie  onset of brackish  conditions during zone f  was gradual; e .g .  by 
progressive upstream m igration of high tid e  le v e ls ;  or by the increasing ly  
frequen t invasion  of a freshw ater lake by h i ^  t id e s .
At Stone the s itu a tio n  is  d if f e r e n t .  There i s  no evidence o f continuous 
sedim entation in  the e a r ly  p a rt of th e  Ipsw ichian. The zone f  sediments 
a re  everywhere deposited  unconformably over inorganic gravel and sand (the 
Lower G ravel). The l a t t e r  rep re sen ts  an aggradation from below present sea 
le v e l to  a t  l ^ s t  2.0  m. (6 f t .  6 in s .)  above i t ,  and a t  le a s t  4.0  m. (13 f t . )  
above the  le v e l a t  which b rack ish  conditions commence in  the Ipswichian 
d eposits  ( i . e .  a t  le a s t  4.0  m. ( I 3 f t . )  above the lowest organic sediments 
described  a t  S tone). Moreover th e  Lower Gravel had accumulated and was 
a lread y  somewhat d issec ted  p r io r  to  the deposition  of th e  organic beds in  
zone f  o f  the Ipsw ichian. The Lower Gravel might be r e t r i e d  as th e  equiva­
le n t  o f Bed 1 a t  Selsey. For sev era l reasons i t  i s ,  however, u n lik e ly  th a t  
th e  Lower Gravel a t  Stone rep resen ts  evidaice of f lu v ia l  or es tu a rin e  
aggradation  in  the  e a r l i e r  p a r t o f th e  Ipsw ichian. F i r s t ly  such aggradation  
r e la te d  to  a  sea le v e l below O.D. ( c f .  S elsey), whereas the Lower Gravel 
occurs a t  lev e ls  up to  2.0  m. (6 f t .  6 in s .)  O.D.. Secondly, the  Lower 
Gravel does no t resemble a  flood p la in  deposit o f in te rg la c ia l  o r ig in  la id
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doiva by a r iv e r  of very low grad ien t such as the former Solent o r i t s  
t r ib u ta r ie s  seem l ik e ly  to  have been* Nor does i t  resemble su b -tid a l 
e s tu a rin e  sedim ents, a l th o u ^  i t  i s  overla in  by in te r - t id a l  mud. There 
i s  no s ig n  in  the Lower Gravel a t  Stone o f the e r r a t ic s  found in  Bed 1 
a t  S elsey . The Lower Gravel is  genera lly  very  s im ila r  to  the Upper Gravel 
and both suggest to r r e n t ia l  conditions of dep o sitio n , probably in  b ra id in g  
f lu v ia l  channels.
The Lower Gravel rep resen ts  evidence o f f lu v ia l  aggradation commencing 
below p resen t sea lev e l and r is in g  above i t ,  during  a period p r io r  to  the 
r i s e  of sea le v e l in  the Ipsw ichian. I t  i s  d i f f i c u l t  to  be more p rec ise  
about the age of the Lower Gravel. N either the base lev e l of th e  surface 
on which the  Lower Gravel r e s t s ,  nor the  lev e l a t  which aggradation c u l­
minated a re  known. The present authors consider th a t  the  Lower Gravel i s  
most l ik e ly  to  rep resen t aggradation during a cool in te r s ta d ia l  w ith in  
the W olstonian.
Other evidence of low sea  le v e ls  has been recognised in  south Hamp­
s h ire .  Buried channels a re  described  by Everard (1954) in  th e  Solent but 
the  g ravels  occupying them are  probably Bevensian. Codrington (1870) des­
cribed  g ra v e ls , now eroded away by th e  sea , a t  Hordle (19 km. (12 m iles) 
south-w est of Stone) f i l l i n g  a channel cu t in  the  T e r tia r ie s  down approxi­
m ately to  p resen t sea le v e l.  The surface o f these gravels formed a  te rra c e  
a t  about 18.0 m. (60 f t . )  O.D.. The gravels were u n lik e ly  th ere fo re  to  have 
accumulated during  o r since th e  Ipswichian in te rg la c ia l .  They m i^ t  have 
been o f  W olstonian age and equivalent to  the Lower Gravel a t  Stone, bu t 
th i s  cannot be demonstrated and th e  p o s s ib il i ty  o f there  having been o ther 
periods o f low sea lev e l remains. Kellaway ( 1973) suggests fo r  example 
th a t  the  e r r a t i c s  l a  Bed 1 a t  Selsey may be of pre-Cromerian ag e .
We conclude th ere fo re  th a t  th e  brackish  and freshw ater sediments a t  
Stone are  not u nderla in  by e a r l ie r  Ipsw ichian d ep o sits , bu t by a  pre-zone f  
land su rfac e . I t  seems possib le th a t a podzolic s o i l  had developed upon
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th i s  surface p r io r  to  the deposition  of th e  organic beds. The surface  was 
not f l a t ,  and although the  origin, of the  lo ca l r e l i e f  i s  unknown th ere  i s  
no evidence th a t  th e  r i s e  bounding the  organic deposits  on the  n o rth -eas t 
and. north-w est was the  margin of a p re -e x is tin g  channel o r la k e . Stone
was not then a flood p la in  s i t e  o r la c u s tr in e  s i t e  l ik e  Selsey. The
Stone s i t e  seems to  have been a gen tly  in c lin ed  v a lley  side slope o r 
c o a s ta l p la in  of low r e l i e f ,  perhaps overlooking the estuary  o f th e  con­
temporary Solent r iv e r .  This in te rp re ta tio n  of the  te r ra in ,  as one some­
what removed from d ire c t  f lu v ia l  in flu en ces, i s  s tro n g ly  supported by the 
d is t in c t iv e  ch arac te r of th e  molluscan fauna a t  Stone* On the  b a s is  of 
th e  molluscan evidence West and Sparks described th e  Ipswichian s i t e  as an 
♦open foreshore* . The fauna, o f exclusive ly  b rack ish  sp ec ie s , suggests 
th a t  no freshw ater stream s drained th r o u ^  th is  area of c o as ta l s a l t
marsh. A su ita b le  analogy fo r  the  coasta l te r r a in  in  Ipswichian times
can be seen today ju s t  west o f Stone a t  Thom* s. Beach and Pylew ell. Here 
a co a s ta l p la in , in  th is  case the gen tly  sloping surface  o f the 4.6 m.
(15 f t . )  te r ra c e  of the  former S o len t, descends to  p resen t h i ^  w ater mark 
where i t  i s  covered w ith in t e r - t id a l  sedim ents.
At Stone the accumulation of in te r - t id a l  muds and the development of 
s a l t  marsh occurred during zone f  of the Ipswichian as r is in g  sea le v e l 
caused marine cond itions to  encroach across  th e  low 3ying te r ra in  and 
crea ted  a s u ita b le  in t e r - t id a l  topography. The r is e  of sea le v e l was 
apparen tly  in te rru p ted  on severa l occasions. The pauses or perhaps s l ig h t  
f a l l s  of sea lev e l a re  ind ica ted  a t  Stone by the development o f Phragmites 
p e a t. Phragmites i s  to le ra n t  of s l ig h t ly  sa lin e  conditions and occurs a t  
the back o f many south coast s a l t  marshes today. In  peats B, C and D 
re m in s  of s a l t  marsh p lan ts  and m ollusca, and the presence o f f in e  laminae 
o f c la y , suggest th a t  the reed swamps were sub jec t to  perio d ic  inundation 
by the sea . In  peat A the absence o f most o f these fea tu res  (molluscan 
remains are  s t i l l  found) suggests th a t  a  more marked f a l l  o f sea le v e l may
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liave occurred a t  th is  tim e. The continuing ov era ll r i s e  in  sea le v e l is  
in d ic a ted , however, hy i n te r - t id a l  clays overlying peat A.
The organic Ipswichian sediments were o r ig in a lly  overla in  by the 
Upper Gravel (o f  the 7*6 m, (25 f t . )  te r ra c e ) . West and Sparks follow ing 
Everard (1954) suggest th a t th i s  i s  a ra ise d  beach deposit and probably 
equivalent to  Hie ra ised  beach overlying the Ipswichian deposits  a t  Selsey. 
There a re ,  h w ev er, important co n tras ts  betifeen the g ravels a t  Stone and 
S elsey, as West and Sparks recogn ise . The Stone gravel resembles te r ra c e  
gravels of the  former Solent, which are undoubtedly of f lu v ia l  o r ig in . The 
f l i n t s  in  the Upper Gravel, though water-worn, are n a in ly  angu lar. Well 
ro lle d  m ate ria l i s  r a re , whereas a t  Selsey the pebbles are  na in ly  rounded. 
At Stone and in  the presumed equivalent o f the Upper Gravel nearby, no 
e n ^ t i c  blocks have been seen. In  the P leistocene sands and g i^vels of 
the  West Sussex co as ta l p la in , o f which the  Selsey ra ise d  beach i s  p a r t ,  
Hodgson ( 1964) describes e r r a t ic s  as common and widespread.
Everard (1954)* end subsequently Vest and Spa.rks argue th a t  the  gravel 
a t  Stone is  of t e r r e s t r i a l  o r ig in , but has been s o lif lu c te d  and then re ­
so rted  by m rin e  ac tio n . There i s ,  however, ample evidence a t  or near Stone 
th a t  the  g rav e l in  i t s  present form i s  of f lu v ia l  o r ig in . P a r tic le  shape 
and o r ie n ta tio n , the d is tr ib u tio n  of the deposit as a  broad te rrace  com­
posed la rg e ly  o f  gravel and the charac te r of the poorly developed sedimen­
ta ry  s tru c tu re s  a re  a l l  co n s is ten t w ith deposition  in  a  b ra id in g  r iv e r .
In  almost a l l  re sp ec ts  the sediments in  question are  qu ite  un like e i th e r  
the p resen t day beach deposits  of th e  Solent c o a s tlin e , or th e  ra ise d  beach 
dep o sits  In  West Sussex.
Thus, the Ipswichian organic deposits  a t  Stone are  ov erla in  by a 
f lu v ia l  gravel in d ic a tiv e  o f  d e te r io ra tin g  c l in a t i c  cond itions. A s im ila r  
c lim atic  succession i s  ind ica ted  a t  several o ther Ipsw ichian s i t e s t  W retton 
(West & Sparks, 1970)* S tu tto n  (Sparks & West, I 963)? Ipswich (West, 1957)5
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T rafa lg a r Square (Frruiks, I960), Tlie Upper Gravel a t  Stone r e s ts  tincon- 
formably on Hie imrlerlying sediments ( c f .  Wretton) and the base o f the 
gravel i s  uneven. Weathering e ffe c ts  are apparent in  the upper p a r t of 
the underly ing  clays but i t  i s  not c l e i r  whether these e f fe c ts  r e la te  to  
a  p re -e x is tin g  land surface or whether they Mve a r ise n  since the depo­
s i t io n  of the  Upper Gravel. I t  i s  not possib le  therefo re  to  determine 
tlie le v e l to  which the  Ipsw ichian in te r - t id a l  sediments may o r ig in a lly  
have accum ulated.
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Chapter VI. The Clim atic and Chronological Succession in  South Hampshire»
a) Surfaces over 150 f t .  (46 m.)
From the above considerations the c lim atic  s ta tu s  and s tra tig ra p h ie
p o s itio n  o f  the P leistocene deposits of south Hampshire can be determined.
The b as is  o f th is  chronology must be mainly a l t i tu d in a l .  The e a r l ie s t  
P le istocene deposits  o f  the area are  those of the high le v e ls  described 
by Everard (1954b). As s ta te d  above these g ravels were not examined due 
to the fragmentary nature of th e ir  outcrop and th e ir  g rea t age.
b) 100 f t .  (30 m.) te rra ce
The e a r l i e s t  major le v e l in  the sequence i s  the wide f l a t  ranging 
from 130 f t .  (39 .6  m.) down to  around 90 f t .  (27.4 m.) w ell represented 
in  the  Beaulieu Heath -  Lady Cross Walk le v e l .  On a l t i tu d in a l  evidence 
th is  le v e l may be equated with the Swanscombe deposits but only the upper
le v e ls  a t  Swanscombe are  represented  in  south Hampshire as these gravels
must be re fe rred  to  the end o f the Hoxnian in te rg la c ia l  as the clim ate 
cooled. Ho deposits  c le a r ly  o f ea r ly  Hoxnian age can be seen. K iis 
te rra c e  has extensive b rick earth s  re s tin g  on i t  which must be re fe rred  to 
a period o f overbank deposition  (as described above) as the sea le v e l f e l l  
w ith the  approach of the f i r s t  s tage o f the Wolstonian g la c ia tio n .
The number o f exposures o f  the bench below the Hoxnian gravel i s  sm all -  
only the c l i f f  sec tio n  from H ig h cliffe  to Barton has an extensive sec tion  
across the bench. While i t  i s ,  th e re fo re , unwise to s ta te  firm ly  th a t no 
deposits  o f  Hoxnian in te rg la c ia l  age occur in  the New F o rest, the evidence 
o f the H ighcliffe  exposures seems to  show th a t  the gravels o f the Hoxnian 
te r ra c e  were a l l  deposited in  the la te  Hoxnian — early  Wolstonian tra n s it io n . 
G reen's (1946) descrip tio n  o f the 100 f t .  (30 m.) te rraces  in  the New Forest 
as  "Boyn H i l l” a lso  suggests a  Hoxnian date although h is  suggestion o f an 
"Upper Taplow" (a  presumably post-Hoxnian) age fo r a  te rrac e  between 100 f t .
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(30 m#) and 30 f t .  (15 m.) shows th a t  he did not no tice  a marked break in  
the g ravel surface  which occurs a t  85-90 f t .  (26-27.6 m,) O.D. which 
s p l i t s  h is  "Upper Taplow" te rra c e  in to  two.
c) 60 f t .  ( l 8 m.) te rrac e
Following the formation o f the 100 f t .  (30 m.) te rra c e  downcutting to 
a t  le a s t  around p resen t O.D. occurred before aggradation up to  60 f t .  (18 m.) 
and the formation o f the 60 f t .  ( l 8 m.) te rra c e  surface occurred. Ihere  i s  
c le a r  evidence o f th is  downcutting in  the former Hordle channel. In the 
lower Thames s im ila r  post-Hoxnian downcutting has been recorded in  the 
Swanscombe area  (B urchell, 1936b) while Wymer ( I 968) suggests th a t the 
g ravel which u nderlies  the Crayford b rick earth  a lso  dates from th is  episode.
The downcutting from around 90 f t .  (27.5 m.) to  p resent O.D. in  p o s t-  
Hoxnian times seems l ik e ly  to  have been prompted by a  cold period and renewed 
aggradation up to 60 f t .  ( I 8 m. ) seems equally  l ik e ly  to  in d ic a te  an amelio­
ra tio n  o f  the c lim ate . The presence o f a %dde te rra ce  surface above the 
Hordle channel po in ts  to  an episode o f l a te r a l  p lanation  (as described in  
Chapter IV.c) under cooling conditions so i t  i s  possib le  th a t  the 60 f t .
(18 ffi. ) te rra c e  i s  the  product o f  an in te r s ta d ia l  i f  not an in te rg la c ia l .
The events o f p o s t“60 f t .  ( I 8 m. ) times are  somewhat obscure in  south 
Hampshire. As th is  episode i s  pre-Ipsw ichian and post-Hoxnian i t  i s  
reasonable to  date i t  as Wolstonian although how i t  r e la te s  to  known Wol­
ston ian  sequences elsewhere i s  uncertain* No deposits d e f in ite ly  o f Wol­
s ton ian  age are  known in  south Hampshire. The l a s t  deposit o f the 60 f t .
(18 m.) te r ra c e ,  the b rick earth  o f Hordle c l i f f ,  can perhaps be dated to  
an e a r ly  phase o f th is  g la c ia tio n  but o th er deposits  o f th is  age are  unknown. 
I t  i s  p o ssib le  th a t  the gravel below the organic horizon a t  Stone (Chapter V) 
may have been d issec ted  during th is  period but no re a l  evidence can be 
advanced fo r  th i s  suggestion.
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d) 25 f t .  (8 m .) te rra c e
The presence o f the in te rg la c ia l  s i t e  a t  Stone in d ic a te s  a date fo r 
the 25 f t .  (8 m.) te r ra c e . The gravels overlying the peat and s i l t  must 
postdate  zone Ip l ib  o f the Ipsw ichian, and the presence o f  Carpinus a t  the 
top o f the po llen  diagram described by Brown e t  a l .  (1975) suggests th a t 
zone Ip I I I  had begun before gravel began to  be deposited . As a t  many o ther 
Ipswichian s i t e s  (see P art I I I )  there  i s  anple evidence fo r a f u l l  in te r -  
g la c ia l  c lim ate a t  Stone. The unconformity between the es tu a rin e  deposits  
o f the organic horizon and the coarse g ravels  o f  the te rra c e  proper c le a r ly  
r e la te s  to  the d e te r io ra tio n  in  clim ate leading  to  the Devensian. The exact 
s tage w ith in  the Ipswichian a t  which th is  c lim atic  decline began, however, 
i s  unknown as the powerful force which deposited the gravel o f  the te rrace  
a lso  removed the top o f the organic d ep o sits .
Green (1946) does not r e fe r  to any te rrac e  below 50 f t .  (15 m.) and he 
regards th is  te rra c e  as the l a s t  formed by the Solent R iver. Everard (1954b) 
describes the  two lowest te rra c e s  o f the Solent as the 35 f t .  (10.7 m.) and 
15 f t .  (4 .6  m.) te r ra c e s . There i s  l i t t l e  c le a r  evidence th a t the low 
te rra c e  reaches above 30 f t .  (9 &») b u t, given the d i f f ic u l t ie s  in  measuring 
the te r ra c e  h e ig h ts  in  the New F o re s t, the 35 f t .  (10.7 m.) and 25 f t ,
( 8 m . )  te r ra c e s  are  probably the same fe a tu re .
Whether the 15 f t .  (4 .6  m. ) te rra c e  a lso  belongs in  the 25 f t .  (8 m. )
s tage i s  open to  question . In  a few places west o f Southampton Water gravels
a t  around 15 f t .  (4 .6  m.) can be seen (see f ig .  l ) .  I t  i s  possib le  th a t these
g ravels  a re  p a r t  o f the 25 f t .  ( 8 m . )  te rra c e  and were formed as the sea 
le v e l f e l l  in  the ea rly  Devensian o r they may be a ttr ib u ta b le  to  an ea rly  
Devensian in te r s ta d ia l .
e) Post~Ipswichian events
As the Solent River system p e rs is te d  in to  the Devensian the minor
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drainage o f the New F orest i s  e s se n tia l ly  a product o f the l a s t  g la c ia l  
period . As has been es tab lish ed  above (Chapter IVb) the v a lley  forms of 
many o f these minor streams are  s im ila r  to  those described by various 
a u th o r it ie s  fo r  v a lley  forms in  /vrctic a reas , which gives ad d itio n a l weight 
to  the suggestion th a t  these v a lley s  formed under cold cond itions.
The episode o f capture of the south-west to  n o rth -east stream coorpo- 
nent by a north  to  south component must a lso  be placed in  the Devensian.
As a l l  the minor stream systems below around 30 f t .  (9 . I  m.) must be 
Devensian i t  follow s th a t the age o f the captures must be Devensian too 
as a l l  o f the "elbows of capture" in  the area  l i e  below th is  h e ig h t. 
Trem lett ( I 965) who pointed out the capture by the lower Beaulieu and 
Lymington lev ers  o f an o r ig in a l south-west to  n o rth -eas t stream s ta te s  
th a t  these  low er, capturing reaches have no 60 f t .  ( I 8 m. ) te rrac e  because 
these north  to  south reaches were not cu t u n t i l  a  lower base le v e l was 
es ta b lish e d . Ke suggests th a t  a north  -  south "consequent" estab lish ed  
i t s e l f  on a land surface abandoned by the  60 f t .  ( I 8 m. ) sea and cu t 
headwards to erode the p resen t Beaulieu River v a lle y . The capturing  streams 
probably began by flowing down the main slope of the te r ra c e , in  th is  case 
the tran sv erse  s lope , when the le v e ls  which appear a t  p resen t as the te rra c e  
su rfaces  o f the Solent River were abandoned by th a t  stream . This abandon­
ment would occur when the base le v e l began to  f a l l  during the onset o f 
g la c ia tio n  and the braid ing  channels o f the Solent tra n sfe rred  th e ir  energy 
in to  downcutting to  the buried channel.
As the lower Beaulieu and Lymington Rivers have no 60 f t .  ( I 8 m.) 
te rra c e  the drainage o f the 100 f t .  (30 s . )  te rra ce  in  "60 f t . "  times must 
have been c a rried  by the south-west to n o rth -eas t stream la te r  dismembered 
by the Lymington and Beaulieu r iv e r  cap tu res. This o rig in a l stream i s  much 
o ld er than the north  -  south streams which cu t i t  a p a r t. The remnants o f 
i t s  course which can be seen above Brockenhurst, where i t s  elbow o f capture
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l i e s ,  flow in  a very wide open v a lley  the form of which i s  in  d is t in c t  
c o n tra s t to  the r e la t iv e ly  deeper and narrower troughs o f the lower reaches 
of the Lymington River (see P la tes  4—6 and c ro ss -p ro file s  of the Lymington 
River, F ig . 10).
The capturing  north -  south streams were in i t ia te d  on the 60 f t .  (18 m.) 
te rra c e  o f the Solent R iver. Trem lett (1965) suggests th a t  the lower 
Beaulieu River v a lley  contains a 35 f t .  (10.7 m.) te rrace  and a  15 f t .
(4 .5  m.) te r ra c e . There i s  a  suggestion o f te rra c e s  a t  these heigh ts on 
the west bank o f the r iv e r  below Beaulieu but the te rra c e  b lu ffs  are  masked 
by a continuous slope down from the 60 f t .  (18 m.) te rra ce  o f the Solent 
R iver, which i s  here cu t by the  Beaulieu r iv e r  (see P la te  7)#
A marked f la tte n in g  a t  around 25 f t .  (8 m.) does occur on both the 
Beaulieu and Lymington Rivers near the UK>uths o f these stream s. At Lymington, 
while much o f  the town i s  b u i l t  on the 60 f t .  ( l8  m. ) and 100 f t .  (30 m.) 
te rra c e s  o f the S o len t, Lymington Eigh S tre e t descends a steep  b lu ff  from 
around 60 f t .  ( l8  m.) to  a f l a t  a t  around 25 f t .  (8 m.) which i s  p a r t o f 
the 25 f t .  (8 m.) te rra c e  of the  Lymington River* Tais te r ra c e , while w ell 
marked a t  Lymington, cannot be traced  fa r  up the Lymington R iver. At Boldre 
Bridge (SZ 320985), around 2 m iles (3#2 km.) upstream o f Lymington, no tra ce  
o f th is  te r ra c e  remains (see P la te s  4 and 5) and the v a lley  s ides r i s e  
s teep ly  from the  v a lley  f lo o r  to  the surface  of the 60 f t#  ( l8  m. ) te rra c e  
o f the S o len t.
Trem lett ( I 965) c o rre la te s  h is  35 f t .  ( 9 m . )  te rrac e  with the " la te  
Ipswichian" te r ra c e  o f the Solent (presumably the 25 f t .  (8 m. ) te rra c e )  so 
elements o f the minor drainage p a tte rn  may have developed in  the Ipswichian. 
However, most o f the minor drainage o f the New Forest i s  so le ly  a product o f 
the Devensian g la c ia tio n  and the captures o f the  south-west to  no rth -east 
streams must have taken place during th is  episode. The formation of the
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v a lley s  was g re a tly  a s s is te d  by the cold clim ate and acce lera ted  erosion 
asso cia ted  w ith the  p e r ig la c ia l  conditions occurring a t th is  tim e.
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Chapter VI. Appendix.
The age of the hreak-up of the Wight-Purbeck ridge
Ever since the  ex istence of a P leistocene Solent River was f i r s t  
p o stu la ted  (Fox, 1862) authors have attempted to  date the f in a l  break-up 
o f the Wight-Purbeck rid g e . Even Everard (1954b) who was otherwise un­
concerned with the dating  o f the south Hampshire gravels attempted to  
fin d  the age o f the f in a l  d estru c tio n  o f th is  long chalk b a r r ie r .
Reid (1902) s ta te s  th a t  the breach o f the Wight-Purbeck ridge occurred 
in  the P liocene o r lower P le istocene  and he associa ted  i t  with the d iversion 
o f h is  upper Avon to i t s  presen t course. According to  White (1917), Reid 
l a t e r  modified h is  views and concluded, along with White, th a t the f in a l  
breaching o f the ridge did not occur u n t i l  the  "close o f  the P leistocene 
period". White fu rth e r  s ta te s  in  the Lymington memoir (1915) th a t "the 
ancien t River Solent seems to  have p e rs is te d  w ell in to  P leistocene tim es, 
and th ere  i s  reason to  th ink  th a t  the c a p ita l  d is in teg ra tio n  o f i t s  system, 
which followed on the e ffe c tiv e  breaching o f  the southern uplands, and the 
in te rc e p tio n  o f  the  main stream  by the sea westwards o f the I s le  o f Wight 
took place mainly w ithin the period covered by the deposition of the 
s u p e rf ic ia l  form ations". This statem ent o f Vdiite's gives the key to the 
evaluation  and dating  o f the g ravels  o f south Hampshire fo r ,  i f  the g rea t 
gravel spreads are  to  be ascribed  to  f lu v ia l  a c tio n , only the Solent River 
can have been responsib le  fo r  th e ir  deposition  in  the a t t i tu d e s  and positions 
they now take up.
Green (1946) dated the breach o f the chalk ridge more p rec ise ly  than 
White by p lacing  i t  w ithin  h is  "lower Taplow" stage because he believed 
th a t  th is  s tage  ends as a  d e lta  a t  C hristchurch. Green p laces the exact 
s i t e  of the i n i t i a l  breach a t  the western s ide  o f Christchurch-Poole Bay 
and concludes th a t the o r ig in a l breach was enlarged by erosion o f the chalk 
towards the e a s t due to  the e f fe c ts  o f  the p revailing  w esterly  winds in  the
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Channel. He a lso  s ta te s ,  somewhat obscurely, th a t the Frome's te rrac e s  
below h is  F i r s t  Lower Taplow te rrace  should increase th e ir  g rad ien t to 
a d ju s t to  the new base le v e l caused by the sea breaching the chalk ridge 
fa r  to  the west o f the o r ig in a l mouth o f the Colent. As Everard has 
pointed o u t, however (1954b, p .57), any breach of the Wight-Purbeck ridge 
in  G reen 's Lower Taplow time would cause no s ig n if ic a n t f a l l  in  the le v e l 
o f the  Frome because the Hiver Solent a t  th is  stage (from the evidence o f 
the "h o rizo n ta l segments") must have been flowing only very s lig h t ly  
above base le v e l .
Everard concluded th a t  the f in a l  co llapse  o f the chalk ridge must have 
been even more recen t than Green suggested and placed the f in a l  break 
through in  the  la te  P le istocene a t  the time o f the low sea le v e l o f the 
l a s t  g la c ia tio n . Everard suggests th a t  the agent o f the f in a l  cu ttin g  
o f the ridge  was the e f fe c t  o f su b -a e r ia l erosion coupled with the d is ­
sec tion  o f streams such as the Western Tar, which probably flowed down 
the slopes of the ridge  between the  Needles and Handfast P o in t. The f in a l  
flooding o f the breach was then caused by the p o s t-g la c ia l (F landrian) 
r i s e  in  sea le v e l which speed ily  eroded the lin e  o f chalky is lan d s  l e f t  
by the flooding o f these minor v a lle y s .
The p resen t a u th o r 's  work in  the area confirms the date suggested by 
Everard fo r the f in a l  breach o f the chalk r id g e . The minor v a lley s , which 
eroded the ridge  in to  a s e r ie s  of blocks which were l e f t  as i s l e t s  when 
the sea ro se , were probably aided in  th e ir  work o f denudation by the 
increased  erosion  o f slopes possib le  under cold conditions. The breach 
can be dated to  a phase o f the l a s t  g lac ia tio n  by reference to  the te rraces  
o f the River S o len t. So long as the Solent continued to flow above present 
O.D. te rra c e  remnants were l e f t  to  in d ica te  i t s  former ex istence . At 
p re se n t, however, when the breach o f i t s  south bank has caused the Solent 
River to  disappear no f lu v ia l  te rrac e  can be formed. The youngest te rrace
89
in  south Hampshire i s  the 25 f t .  (8 m.) te rrace  which must date from la te  
Ipswichian times (see Chap. V), A fter the deposition of th is  te r ra c e , 
downcutting caused the abandonment o f the te rrace  and the Solent flowed 
w ell below presen t sea le v e l .  The 15 f t .  (4 .6  m.) te rrace  mentioned by 
Everard (1954b) probably dates from th is  phase o f downcutting but i t  may 
be of e a rly  Devensian in te r s ta d ia l  age.
During the ea rly  Devensian ( in  post 25 f t .  (8 m.) te rrace  tim es), 
the south bank of the Solent must have been attacked  by p e r ig la c ia l ac tion  
and the ridge was fu rth e r  d issec ted  by the t r ib u ta r ie s  of the Solent as 
suggested by Everard. The f in a l  sea le v e l r i s e  o f the F landrian was 
probably unable, in  one episode o f sea le v e l r i s e ,  to  complete the des­
tru c tio n  o f the remnants of the chalk b a r r ie r .  I t  i s  probable th a t the 
sea le v e l  rose near to  the p resen t in  the mid-Devensian and ca rried  out 
p a r t  o f the erosion o f the i s l e t s  o f  chalk in to  which the continuous 
VJight-Purbeck ridge  must have by th is  time have been c u t. Continued action  
by s o lif lu c t io n  in  l a te  Devensian times then made i t  possib le  fo r the
r is in g  F landrian  sea to  complete the formation o f Christchurch Bay as i t  
*
appears a t  p resen t . The f in a l  s tage  o f the Solent River was then in  la te  
Devensian tim es when the sea le v e l was very low (F airb ridge, 19&l) and the 
f in a l  drowning o f i t s  system must have been g rea tly  aided by the excavation 
o f the buried channel cu t a t  th is  tim e. Although submerged the area o f the 
chalk to  the west o f  the Needles s t i l l  forms a ridge and only a  small (by 
la te  Devensian s tandards) f a l l  in  sea le v e l would re -e s ta b lish  the continuous 
south bank o f a new Solent R iver.
The erosion  of the chalk continues today esp ec ia lly  a t  the Needles 
and Freshwater Bay, although the chalk o f B allard Down to  the west o f 
Poole Bay i s  a lso  being eroded. In I 896 during a g rea t storm the stack  
known as "Old H arry 's  wife" o f f  Handfast Point (SZ 056825) was cut in  
two by marine ac tio n  and in  196? considerable undercutting o f the chalk 
e as t o f Freshwater Bay caused a new stack  to  be formed.
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PART I I
Chapter I .  The Channel Islands -  An In tro d u c tio n ,
a) Solid  Geology
The geo log ical b asis  of the Channel Islands i s  one of g rea t a n tiq u ity . 
The is lan d s  form p art Of th e  A rsorican province of w estern B r ita in  and 
w estern France (Renouf, in  p re ss ) , and the presence of Eocene lim estones 
(Curry, i 960) to  the west and north  of Jersey  suggests th a t  the is lan d s  
have been o u tly ing  p a r ts  of the m in  co n tin en ta l Armorican outcrop since 
a t  le a s t  the  Eocene.
As in  mny o ther ways, so a lso  geo lo g ica lly  the islands p resen t 
d iffe ren ces  in  th e i r  rock types. Guernsey has the o ld est rocks (Roach, 
1968) ,  a s e r ie s  of g n e isses , the o ld es t being up to  26 x 10® years old 
(Adams, I 967) .  These gneisses make up the bulk of the island  (see imp 
in  Roach, I 968) ,  the r e s t  of which i s  composed of a younger s e r ie s  of 
gabbros, g ran o d io rite s , d io r i te s  and g ra n ite s . The s im lle r  i s l e t s  to  
the  e a s t  of Guernsey a re  a lso  g ran o d io rite  while Sark has in  ad d itio n  
some s c h is ts .
Unlike Guernsey, Alderney and Je rsey  a re  p a r t ia l ly  composed o f se d i­
mentary rocks. In  Alderney the western end o f the is land  i s  composed of 
an old g ran o d io rite  (age 222 z  10^ y ears, Adams 1^6^) bu t the cen tre  and 
ea s te rn  end are formed from a  coarse , so u th erly  dipping sandstone o f l a te  
Pre-Cambriaa age. The re e fs  and i s l e t s  norüi of Alderney are  a lso  formed 
from th is  sandstone. Je rsey  s im ila r ly  has i t s  sedim ents, in  a  s e r ie s  of 
indurated  shales and greywackes of B rioverian  ( la te  Pre-Cambrian) age, and 
a molasse conglomerate of possib le  Ordovician age (personal communication, 
J .T .  Renouf). The w estern and sou th -eastern  ex trem ities  of Je rsey  a re  
composed of g ra n ite s  and d io r i te s  (age 56-58 x 10^, Adams 19&7) while 
the c e n tra l north  coast of the island  i s  formed from a s e r ie s  o f vo lcan ics 
of unknown, but probably a lso  la te  Pre-Cambrian, age*
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b) E ffec ts  of deep weathering'
In  sp ite  of th e i r  g rea t age and seeming hardness, the rocks o f the 
Channel I s le s ,  w ith the exception of the Rozel coagloi/ierate o f Je rsey , 
have co n trib u ted  re a d ily  to the P leistocene d eposits  of the is la n d s .
This i s  p r in c ip a lly  due to  the g rea t depth of w eathering which they 
have undergone, which has enabled laarine and p e r ig la c ia l  a c tio n  to  
d estroy  rock outcrops with r e la t iv e  ease . This deep w eathering i s  w ell 
knoi'/n in  many of tlie hard rook a reas o f Armorica and in  western Ire lan d  
(palmer & N eilson, I 962; W aters, I 964Î Orae, I 966; O il ie r ,  I 969; Eden 
& Green, 1971)* Deep weathering has in  the  past been ascribed  to  warm and 
humid a c tio n  during the T e rtia ry  (Orme, Waters) but th i s  i s  doubted by 
P a lm r  and N eilson.
Examination of ra ise d  beaches in  the Channel I s le s  confirms th a t  
T e rtia ry  deep w eathering was no t alone responsible fo r  r o t t in g  of the 
is la n d 's  ro ck s. Such ra ised  beaches and rock platform s a s  those a t  
be C atioroc (W  260789) in  Guernsey show th a t  weathering continued w ell 
in to  the  Upper P le is to cen e . While i t  i s  possib le  th a t  the rock p la t­
forms m y  have been cu t in  previously  weathered rook (George, 1973) 
i t  i s  d i f f i c u l t  to  see  how la rg e  cobbles could be formed from deep 
weathered g ra n ite  which a t  present has the consistency o f  sand. I t  ia  
sim pler to  assume t lia t  these  cobbles were formed from fre sh  g ra n ite  and 
then weathered to  th e i r  p resen t s ta te  in  s i t u .  From th is  i t  follow s 
th a t  w eathering was occurring  w ell in to  the P lelstocm ie even i f  i t  b e ^ n  
in  the T ertia ry *  Whether the w eathering only occurred during in te r ­
g la c ia ls  (Elha'i, 19635 George, 1973) I s  uncerta in  bu t Czeppe ( I 964) des­
c r ib e s  e x fo lia tio n  and corestone fo rm tio a  in  ^m dstone in  the modem 
p e r ig la c ia l  c lim ate  o f Spitzbergen so i t  i s  possib le  th a t  s im ila r  
weathering could have occurred during p e r i^ a c ia l  episodes In  the 
Channel Is le s*
The degree o f s u s c e p tib i l i ty  to  deep w eathering in  the rocks o f
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the Is lan d s  appears to  follow a  d e f in ite  p a tte rn . The Guernsey gneisses 
a re  most a ffe c te d  by deep w eathering, followed by the  o ld e r g ran o d io rite s , 
d io r i te s ,  younger gK m odloritea and g ran ite s  which a re  sometimes almost 
unw m thered. The Je rsey  vo lcan ics a re  only deeply weatiiered where they 
a re  sh a tte re d  as  a t  le s  P latons (WV 653554) and the sediments a re  
v i r tu a l ly  intaune frcm deep w eathering except fo r some d é c a lc if ic a tio n  
i a  the th in  lim estones la  tlie Je rsey  s lia les . Most of the deep weathering 
on a l l  these rock types i s  sandy (see  Edea & Green, 1971) w ith l i t t l e  
c lay  v is ib le  i a  any o f the  p ro f i le s  examined* This sand and f in e  gravel 
has been one o f the  main co n s titu en ts  o f th e  s o li f lu c t io n  d eposits  and 
a  considerable c o n tr ib u to r  to  the ra ise d  beach sands o f  the is la n d s . The 
importance o f deep w eathering fo r  tlie p rov ision  of m ate ria l to  the  s o l i ­
f lu c tio n  d ep o sits  can be seen on outcrop o f the Rozel conglomerate in  
the  n o rth -e a s t o f  Je rse y . As mentioned above th is  rock i s  alm ost immune 
to  deep w eathering and the s o lif lu c t io n  and rubble head deposits  a sso c i­
a ted  w ith  i t  a re  f a r  th in n er than  <m o th e r  rock ty p es. In  the v a lley s  
lead in g  to  Rozel (W  696545) the  v a lle y  s id es  a re  devoid o f any P le is ­
tocene d e p o s its . Tîiis i s  in  marked c o n t e s t  to  v a lley s  on the g ran ite  o r  
tli© B rioverian  greywacke whiWi, while they  a re  no le s s  s teep  sided , 
e x h ib it  up to  5 f t .  ( 1.5  m.) o f  head l a  every hollow in  tJ ie lr  s id e s .
c) The inc lusion  o f deep weathered S B terla l l a  d r i f t  deposits
The ty p ic a l s o lif lu c t io n  deposit c f  the  edges o f the  is la n d  plateaux 
in  Guernsey and Je rsey  c o n s is ts  of lo e ss ic  m ateria l (distinguisiiablQ  from 
in  s i t u  lo e ss  by i t s  deep rod colour) which incorporates abraded and 
weathered fragments o f the underlying deep weathered so lid  rock . This 
g rav e lly  sand was formed by th e  s o l i f lu c t ic n  o f  the  edges o f  the  loess 
sh ee ts  o f  th e  f l a t  p la teau  surface over the slopes cu t in  deeply weathered 
s o lid  rock . The movement, and no doubt f r o s t  a c tio n , caused p a r t ic le s  to  
become detached from the top o f  tîie weathered p ro f i le  and incorporated in
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the  s o l i f lu c t io n  sheet (Green & Eden, 1975).
On the i s la n d 's  c l i f f s  both a t  the present coast and in land the 
deep weathered m ate ria l fo ra s  a  subsid iary  p a r t  of the head, tiie im jor 
ifâ-rt being  foraed of la rg e  blocks o f f re sh  o r n early  fre sh  rock re leased  
from the  s teep  slopes (such as  a t  Bonne K uit in  Jersey) to  form p i le s  
o f rock and weathered sandy m ate ria l a t  the base o f the c l i f f * .
As described  in  P a rt I  above tlie d ep o s its  in  the  Eampsiiire te r ra c e  
sequence a re  la rg e ly  derived from the erosion  o f p re -e x is tin g  terraces*  
The same i s  tru e  in  the Channel I s le s  where a  head m y  co n s is t o f  a  
m ixture o f beach pebbles, e a r l i e r  head and lo ess  a s  w ell a s  newly eroded 
rock* Host o f the  ra ise d  beaches a re  s îm ilîir ly  derived fr<m th e  erosion  
o f  e a r l i e r  beaches and M ads a s  w ell a s  erosion  o f  fre sh  rock*
d) Ma.rine plazmtion in  the Islan d s
One o f the  most prcminent fe a tu re s  o f th e  Ghamml Islands* co ast­
l in e  i s  the wide platform  which s tre tc h e s  to  seaward o f  th e  presen t 
co astlin e*  In  Je rsey  tiie p latform  i s  up to  2 m iles (2 .6  km.) wide to  
the  so u th -east o f the is lan d  (and up to  5 m iles ( 3*9 km.) wide i f  th e  
p a r t  covered by Eolocene deposits  i s  included),  and in  Guernsey 1 mile 
(1 .5  km.) wide (o r  Ij- m iles -  1 .9  km. -  i f  the "buried" sec tio n  Inland 
o f  th e  p resen t coast i s  ta k m  In to  co n sid e ra tio n ). S im ilar wide platform s 
have been described  from th e  S c il ly  I s le s  (M itchell & Orme, I 966) ,  Sussex 
(Palmer & Cooke, I 925 ; Hodgson, I 964) ,  Soutliem Ire lan d  (Onae, I 966) and 
south-w est England (S tevens, 1970) * Bespit® deep w eathering and m ultip le 
reocoupation by the  sea , these p latforsm  have kept t l ie ir  general su rface 
le v e l  although they Mve considerable la ieror^lief*  (Soiae g u ll ie s  in  the  
p latform  n ear the Seymour Tower in  Je rse y  (WY 724457) 20 f t .  (6 n .)
deep.)
* See Watson & Watson, 1970, end K ottershead, 1971, f w  accounts o f 
s im ila r  examples o f head form ation i a  th e  C otentin  and south-west 
England*
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Because o f i t s  g rea t width tlie rock platform  appears to  be o f 
g rea t a n t iq u ity .  Being merely a  rock platform  and lack ing  dep o sits  
except on i t s  inner edge tiie platform  i s  undatable, although evidence 
w il l  be presented  below to  show th a t  th e re  have been a t  le a s t  two 
periods of reocou i^ tion  by the sea.
The p latform  is  cu t across a l l  rook types in  the is lan d s  in d if ­
fe re n tly .  I t s  w idest sec tions occur on the g ran ite s  of Je rsey  and 
Guernsey while i t  i s  a t  i t s  f l a t t e s t  and most reg u la r when out across 
the p h y ll i te  band in  the Guernsey gneiss a t  D ivette  (WV 342754) and 
across the fin e -g ra in ed  B rioverian  sediments a t  Les Rouaux (WV 656564) 
in  Je rse y . An im portant fh c to r in fluenc ing  the p reserva tion  of the  shore 
p la t  fo ra  i s  the a t t i tu d e  of geological s tru c tu re s . These s tru c tu re s  a re  
m ostly tlie jo in t  planes of the  igneous and metamorphio rocks bu t the 
bedding in  the sediments a lso  has some e f fe c t .  Where these  s tru c tu ra l  
planes cu t the rock platform  a t  low angles the platform  i s  preserved.
In  areas where s teep ly  angled s tru c tu re s  occur the platform  i s  narrow 
o r ab sen t. Along the south coast of Alderney fo r  example, where the 
sandstones have a  s teep  sou therly  d ip , no rock platform  su rv ives.
The low shore platform  i s  c le a r ly  the most extensive in  the is lan d s  
but a t  h igher le v e ls  o ther platform s occur. The h i# ie s t  summits of the 
is lan d s  form a s e r ie s  o f descending p lateaux now mantled in  loess  and 
s o li f lu c t io n  d eposits* . No in  s i tu  deposits  of narine o r ig in  occur on 
th ese  su rfaces which a re  a t  le a s t  a s  wide as th e  lower rook platform s, 
and a re  assumed to  be o f s im ila r  ages to  such h i ^  le v e l deposits  as 
the  h i p e s t  fragmentary gravel te rraces  in  the New P orest (see P a rt I ) .  
Below 120 f t .  (37 m.) a rock platform  as  wide as  the low platform  occurs
*  Best developed between 200 f t .  (60 m.) and 220 f t .  (66 m .), and 
160 f t .  (40 m.) and 130 f t .  (54 m.) bu t a lso  occurring over 500 f t .  
(92 m .).
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w ith marine dep o sits  on i t  and is  hacked by c l i f f s  a t  le a s t  as w ell 
marked a s  those of the modem co as t. In  Je rsey  these c l i f f s  back the 
e a s t ,  south and west coast bays. In  Guernsey they separate  the h i ^ e r  
southern parishes of the  is lan d  from the lowlands o f the n o rth  and form 
the rid g e  which reaches i t s  summit a t  C ate l Church (WV 31078?). The 
platform  a t  th e  fo o t o f these c l i f f s ,  w ith  i t s  retriimaed 60 f t .  (18 m.) 
co n tin u a tio n , approaclies the 2 mile (2 .6  km.) w idth of the  low platform .
In  s p ite  o f the deep w eathering which the so lid  rocks have undergone 
they have m in ta in e d  s u ff ic ie n t  s tren g th  to  support many caves around 
the coasts  o f  the is la n d s . I t  i s  in  these caves th a t  im portant p a rts  
o f  the  P le isto cen e  sequence a re  to  be found and these w il l  be discussed 
more f u l ly  below.
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Chapter I I .  The Non-Marine P leistocene D eposits of the  Charnel Is la n d s .
The non-marine P le istocene deposits  occupy by f a r  the  g re a te s t a re a l  
ex ten t of a l l  the P le istocene deposits  in  the is la n d s . The two ne.in d iv is io n s  
of these  d ep o sits  were both formed in  a p e r ig la c ia l c lim ate , the  head by 
s o l i f lu c t io n  and f ro s t  sh a tte r in g  and the  lo ess  by wind a c tio n .
a) The Loess
( i )  D is tr ib u tio n
The lo ess  i s  ty p ic a lly  a s tru c tu re le s s  s i l t  o r f in e  sand (see g ra in - 
s iz e  an a ly ses, f ig .  3&).  Sections a re  ra re  and where they  do occur a re  
u su a lly  so w ell vegetated th a t  no bedding can be seen. (Only a t  S t. M artin’s 
Church, W  524765» in  Guernsey can any bedding be seen . Here lands up to  
1 inch ( 2 «5 cm.} th ick  of a lte rn a tin g  sand and s i l t  occur. These bands can 
only be traced  fo r  a few yards and i t  i s  not c le a r  what s ign ifican ce  they  
have.) However, in  sp ite  of th is  lack  of sec tio n s  the outcrop of the  loess 
i s  re a d ily  apparent on the ground from the c h a ra c te r is t ic  s o i l  formed on 
i t s  s i l t y  g ra in  s iz e .
The main areas of loess a re  on the upland plateaux of the two 
la rg e s t  is la n d s . The sm aller is lan d s  have alm ost no lo ess  on them. I t  
i s  u n lik e ly  th a t loess could be deposited  on Guernsey y e t not on Sark or 
Alderney and in  fa c t  these is lan d s  do have sm all p a td ies  of loess on the 
w idest p a r ts  of th e i r  summits. The main fa c to r  in  determ ining the  shape 
and ex ten t o f the lo ess  outcrop is  the slope of the  land . The two 
la rg e s t  is lan d s  have extensive a reas of n early  h o rizo n ta l erosion  sur­
face broken only by a s n a il  number of tre n c h -lik e  v a lley s  w ith  abrupt 
steep  s id e s . Sark and Alderney have no such la rg e  areas w ith  only s l ig h t  
s lo p es . The lo ess  was presumably deposited over a l l  the  is lan d s  but on 
the  s tee p e r slopes i t  was immediately c a rried  away by s o lif lu c t io n  so 
only on n early  le v e l areas was a coherent cover formed. The narrower
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I>arts o f the  in te rf lu v e s  and peninsulas In  Je rsey  and Guernsey behave 
in  the same way as the sm aller i s le s  and have no lo ess  cover* (The b es t 
example o f th is  i s  the Jerbourg peninsula In  sou th -east Guernsey.)
The second main c h a ra c te r is t ic  of the lo ess  i s  th a t  i t  th in s  tov/ards 
the w est. In  Guernsey road cu ttin g s  near S t. M artin’s Church (W 324765) 
show a  lo ess  depth of I 5 f t .  (4.6  m .). At l a  V i l le t te  (W 509763) one 
mile ( 1.3  km.) to  the west angering proved 8 f t .  (2 .4  m.) o f lo ess  and 
a t  T orteval (W  261755) 3 f m iles (6 km.) from S t. !fe-rtin’s the coherent 
cover of lo ess  disappears and only a  th ick  lo e ss ic  s o i l  remains. In  
Je rsey  a lso  the lo ess  th in s  to  the w est. Rear La Hougue Bie in  the  ea s t 
(W  689504) &t le a s t  15 f t .  (4.6  m.) of loess  occurs. In  the cen tre  of 
the  is la n d  in  S t .  lawrence and S t. John 8-10 f t .  ( c .  3 m.) occurs but 
in  the  w estern parishes of S t .  Brelade and S t. Ouen the  loess  i s  th in  
o r  ab sen t. These w estern areas which a t  p resen t have no loess cover 
c le a r ly  had lo ess  deposited  over them o rig ina lly*  In  La Cotte de S t. 
Brelade many lay e rs  of lo e ss ic  head occur (McBumey & Callow, 1971)* 
although th i s  famous p a la e o lith ic  s i t e  i s  up to  a  mile ( 1.3 km.) from 
the  n ea re s t in  s i tu  lo e ss . S im ilarly  in  Guernsey the head sec tions a t  
Table des Pions (WV 238762) have lo ess  bands up to  1 f t .  (30 cm.) th ick  
in  them although they  too a re  over a  mile (2 km.) from the n earest in  s i tu  
lo e s s .
On the  c o as ta l p la in  o f S t. Clements and G rouville in  eas te rn  Je rsey  
some excep tional th ickness o f loess  are  recorded. Borehole and w ell 
records co lle c ted  by the  la te  Miss Micia Casamir and now in  the keeping 
o f the  I n s t i tu t e  of Geological Sciences, show a  maximum th ickness o f 
lo ess  o f 30 f t .  (9  m.) in  a  w ell a t  L’In d u s tr ie , S t. Clements (WV 675465). 
This depth (recorded as "sand” in  the manuscript) must be exceptional 
because the lim ited  co as ta l sec tio n  a t  La Hotte (WV 674460) shows a  loess  
th ickness of only 12 f t .  (3 .7  m .). Extreme depths fo r  loess  on the
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plateaux  of both la rg e r  islands have occasionally  been recorded*
Dunlop (1911) c i te s  a w ell a t  Five Oaks, St* Saviour (WV 6705OI) in  
which 50 f t*  (15 m*) of loess was penetrated  before rock was reached* 
S im ilarly  Warren (1954) c i te s  a w ell a t  Les Fosses, Forest (WV 283757) 
which passed through 53 f t .  (16 m*) o f "clay" before reaching rock* I t  
i s  probable th a t  such depths include a considerable th ickness of 
weathered rock in  the th ickness of loess  or th a t  the bore has found a 
gu lley  in  the top  of the so lid  geology and so recorded an ab n o im l 
th ickness of loess*
( i l )  Organic rem ains*
The lo ess  has few faunal resB ins in  it*  The only m m m lian bones 
found in  loess ou tside  caves were some fragments of bone te n ta tiv e ly  
id e n tif ie d  as Bos primigenius which came from the railw ay c u ttin g  a t  
Pontac (WV 689469) in  Je rsey  (Dunlop, I 9I I ) .  No f lo r a l  remains have 
been found in  the loess except in  La Cotte de St* Brelade and these w ill  
be described  below (P art I I I ) .
Organic remains found in  the loess  a re  mainly molluscan* At a few 
lo c a l i t ie s *  the  loess and very  lo e ss ic  head e x h ib its  calcareous concretions 
which have been id e n tif ie d  w ith the  "lôssm nchea” of the co n tin en ta l loess* 
These concretions (which are composed of between 27^ and 4*^ CaCO^  and 
345^  to  46^  fin e  sand, see Mourant 1934 and G irard 19&9) &re sometimes 
fo ss ilife ro u s*  Examples from sore Je rsey  s i t e s  were examined by Kennard 
(see  appendix to  Mourant, 1955) and pronounced to  be a ty p ic a l loess  
fauna o f:
St* M artin’s Poin t (W 344748), Les Sommeilleuses (WV 298745), 
S a in ts  E igh t B a tte ry  (WV 522745) and D ivette  (WV 342754) in  Guernsey; 
B elval (WV 7I I 528) ,  P o r te le t (W  6OO47I ) ,  La Motte (WV 67446O) and 
B elcroute (WV 607484) in  Je rsey .
99
P a p illa  mascoram (L im .)
Huccinea a re n a ria  (Bouch. Ciiant.)
Trochiiloa h isp idus (L inn.)
Tho Guomgey Bite of S t. Martin’s Point baa y ie lded  e ig h t species from 
the loeas (G irard , 1966) and th is  aggemblags a lso  po in ts  to  dry  ccm- 
d i t  ions although i t  i s  p ossib le  tlia t some of the species recorded at 
th i s  lo c a l i ty  a re  modem and frœa the  s o i l  on th i s  s teep  s lo p e . The 
species recorded were*
H elix  aspersa (M üller)
H e lic e lla  caperata  (Montagu)
H e lic e lla  v irg a ta  (da Costa)
P a p illa  mascorum (Linn#)
Laoria cy liadzacea (da Costa)
V ertigo pygmaea (D rap.)
Cochlicopa la b r ic a  (M üller)
C la u s ilia  b id en ta ta  (StrÔa)
These molluscan assemblages in d ic a te  the  dry co n d itim s  th a t  would 
be expected during a period of lo ess  fo rm tio n  but, as has been pointed 
ou t by Sparks and West (1972), they a re  a  fa c ie s  fauna and do not in d i­
c a te  any im rtic u la r  age.
( i i j )  D epoaitional environment.
I t  has Irnig been known th a t  the lo ess  in  the Channel Islan d s i s
o f a e o lla n  o rig in  (D errick , 1892) and a  lo c a l equivalent o f the lo ess
o f  co n tin en ta l Europe (E lh a l, I 963)# The g ra in size  analyses ( f ig s .
a re  ty p ic a l  o f loess and the th ickness o f lo ess  on e a s t fac in g  slopes
(such as those below G rouville M ill (V/V 695481) in  Jersey) c le a r ly
in d ic a te  an e a s te r ly  o r ig in . In  ad d itio n  the  g rea t th icknesses o f lo ess  
on the e a s te rn  co as ta l p la in  of Je rsey  (see  above) and Guernsey ( a t
Beaucette % mrry, WV 359037) and the rap id  th inn ing  o f the lo ess  to
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the west both suggest an e a s te r ly  source fo r  the wind which deposited 
the lo e ss .
This deposition  from the  ea s t f i t s  in  w ell with the  theory  of 
lo ess  being of g la c ia l  o rig in  produced by winds blowing o ff  th e  ice 
sheets  during mximum g la c ia tio n  (Zeuner, 1945). However, many c l i f f  
sec tio n s  in  the is lan d s  suggest th a t  th e re  was no d is t in c t  period of 
lo ess  d eposition  during which p e r ig la c ia l a c t iv i ty  ceased but th a t  
lo e ss  deposition  occurred throughout the  period of form ation of the 
head. The th ic k  sec tio n  of head w ith lo ess  bands in  i t  a t  L’Eree 
(W  248734) in  Guernsey shows c le a r ly  th a t  a t  some stages lo ess  depo­
s i t io n  predominated but the presence of ang>ilar fragments even in  these 
lo e ss  bands in d ic a te s  th a t  p e r ig la c ia l a c t iv i ty  and loess deposition  
were contemporaneous r a th e r  than  mutually exclusive (P la te s  49 & 50)*
(It) Age.
The age of the  loess i s  problem atic. At the top of most sec tions 
o f head (as  a t  L’Eree) there  i s  a  th in  (under 1 f t .  -  30 cm.) loess 
which probably marks the  l a s t  i» rio d  o f p e r ig la c ia l wind a c tio n  a t  the  
end of th e  l a s t  g la c ia tio n  and m y be re fe i^ b le  to  one of the la te  
g la c ia l  s tages*  but beyond th is  th e re  i s  no evidence fo r  the age of 
the  lo e ss . The co as ta l p la in  loess spreads in  Je rsey  r e s t  on the 25 f t .  
(8 m.) rock platform . I f  th is  platform  was trimmed to  th e  base of the 
" f o s s i l  c l i f f "  during the l a s t  in te rg la c ia l  th is  loess  must be of 
Devensian age. There i s ,  however, no proof th a t ,  even w ith  th e  high 
l a s t  in te rg la c ia l  sea le v e l ,  the rock platform  was e n t i re ly  G la re d  of 
p r e - la s t  In te rg la c ia l  lo e ss , thus some of th e  loess  may be e a r l i e r .  The 
su rv iv a l of head ( a t  Belcroute and P o rte le t)  from p re - la s t  in te rg la c ia l
♦ See P e rrin  e t  a l .  (1973) fo r  s im ila r  la te  loesses in  southern 
England.
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■fcimes i s  c le a r  evidence th a t  some of the  loess may have survived from
the W olstonian, However, in  view of the  la rg e  amounts of lo ess  in  th e
head which r e s ts  on the  25 f t .  (8 m.) ra ised  beach i t  seems l ik e ly  
th a t  much of th e  lo ess  is  Devensian.
b) The Head
( i )  D is tr ib u tio n .
The head in  the Channel Is lan d s  i s  of two types. At the coast i t
i s  the c h a ra c te r is t ic  rubble head of the  e a r l ie s t  au thors (De La Beche,
18595 Prestw ich, 1895) which i s  a b recc ia  of angular rook fragments in  
a f in e r  m atrix . This deposit i s  o ften  very  th ic k  (up to  100 f t .  -  
50 m.) bu t of lim ited  a re a l e x te n t. The otlier form of head i s  a s o l i ­
f lu c tio n  deposit formed p rim arily  from lo ess  but w ith an in term ixture 
o f rock fragments and p ieces of weathered rock from the deep weathered 
p ro f i le s  of th e  so lid  geology. By co n tra s t w ith  th e  co as ta l head th is  
deposit covers la rge  areas but i s  cnly o f r e s t r ic te d  th ick n ess .
The co as ta l heads were formed by the sh a tte r in g  of rock outcrops 
by f ro s t  and the re le a se  of angular blocks to f a l l  under g rav ity  to  
come to  r e s t  on the rock platform  or ra ise d  beach* The main influence 
on th is  process is  the steepness of the  c l i f f s  which have to  m aintain 
a M re  rock face  to  provide continuing amounts of rock to  the cone o f 
head a t  i t s  base. I t  i s  probable th a t in  p laces where deposition  con­
tinued  fo r  a considerable time a p ro file  l ik e  th a t  i l lu s t r a te d  in  West 
( 1968, f ig .  8 . 46) re su lte d  w ith head re s tin g  a t  a  low angle ag a in s t the  
c l i f f .  Such a  s i tu a t io n  can be seen in  Je rsey  5OO yards (46O m.) north­
west of Gorey v illa g e  where a  c l i f f  washed by the sea in  th e  Ipswichian 
but now pro tec ted  by the dunes of Gorey Common has a  th ick  "wedge" o f 
rabble head re s t in g  a g a in s t i t .  I f  the sea were to  break th ro u ^  the 
dunes and trim  the base o f th e  head a v e r t ic a l  c l i f f  lik e  those o f many 
o f  the co as ta l sec tio n s would soon be cu t (E lh a î, 1965? Watson & Watson, 
1970 5 M ottershead, 1971)*
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Most of these c o a s ta l heads a re  im d iffe ren tia ted , c o n s is tin g  of a 
rubble of blocks of every s iz e  in  a  m atrix  o f sand o r s i l t .  Some 
sec tio n s  e x h ib it lo e ss  seams, as a t  the  west side of Moulin Huet in  
Guernsey (W  350741), or bedding, such as a t  Clonque (WA 557072) in  
Alderney. The th ickness o f the heads v a rie s  from 100 f t .  (30 m.) in  
Bonne N u it, Je rsey  (WY 645559) to  under 20 f t*  (6 m.) a t  L’Eree, (W 248785) 
Guernsey or G ib ra lta r  (W 709527); Jersey* The determ ining fa c to r  in  
the  th ickness o f the  head i s  the h e l# i t  o f the  c l i f f  ag a in s t which the 
bead i s  banked. At Bonne H uit the c l i f f s  r i s e  to  400 f t*  (120 m.) a t  
the  n o rth -e a s t s id e  of the bay w hile a t  L’Eree or G ib ra lta r  the  c l i f f s  
r i s e  only to  80 ft*  (25 m. ) . This re la tio n sh ip  between the  heigh t of 
the c l i f f  and the  th ickness o f head has been described by Watson and 
Watson ( 1970) ( in  th e  Co te n t in ) and Mottershead (1971) in  Devon. The 
p resen t a u th o r’s observations were made independently of these e a r l ie r  
workers and the  p resen t account agrees w ith them th a t th e  r a t io  o f h e i ^ t  
o f c l i f f  to  th ickness of head i s  c o n s is te n tly  around 4 o r 5 to  1.
At a  few places e sp e c ia lly  on the outcrop o f th e  B rioverian  shales 
in  J e r r s y  the p a r t ic le s  in  the head ex h ib it downslope im brication  but 
th i s  i s  ra re  and more usual sec tio n s show a  complete jumble o f blocks* 
ProTmbly the  b e s t example o f  such a  chao tic  deposit i s  the sec tio n  in  
Beauport, Je rse y  (WT 579479) where a l l  c a lib re s  of m ate ria l occur, and 
even the sandy m atrix i s  angular, derived as i t  I s  from the  broken 
g ra n ite  and i t s  sandy deep weathered frac tio n *
The lo e ss ic  head a lso  occasionally  reaches th e  coast aa s o lif lu c t io n  
from e a s t fac ing  slopes such as  a t  Hoirmont (Guernsey, WV 361831) or 
St* C atherines (Je rsey , WV 715551), hut th e  main mass o f th is  deposit 
i s  inland on the slopes down from the h i ^  p la teau  and from the  face 
o f the degraded c l i f f  o f  the 100 f t .  (50 m.) sh o re lin e . The d eposit 
in  these  a reas  resembles lo ess  except i t  has a  deeper red colour and
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has occasional pebbles and rook fragments th ro u ^ o u t i t s  th ick n ess .
At La Longue Rocque (Guernsey, WV 265772) much of the stony content 
o f  the head i s  composed of these waterwom pebbles which probably came 
from some an c ien t s tran d lin e  now destroyed. (This old beach must have 
been of some a n tiq u ity  because the ground surface here i s  a t  180 f t .
(55 m .). Mourant (1935) describes such pebbles in  "loess" a t  the 
Handois R eservoir in  Je rsey  (WV 634538) a t  a  h e i ^ t  of over 300 f t .
( c .  100 m.) and Dunlop (1896) and E lhal (I963) c i t e  fu r th e r  lo c a l i t ie s  
where such pebbles occur. During tlie mapping o f  Guernsey i t  became 
c le a r  th a t  such concentrations of beach stones in  lo e ss ic  head occur a t  
d e f in ite  h e ig h ts : a t  160-180 f t .  (49-55 m .), a t  220 f t .  (66 m.) and 
about 300 f t .  (100 m.) . These pebbles a re  almost c e r ta in ly  the l a s t  
remnants o f the  h i ^  sea le v e ls  of the lower P le istocene which a re  w ell 
known in  s a ith e m  England (Wooldridge & Linton, 1955 Î Zeuner, 1959)
(see  f ig .  19 ) .
Loessic head w ith  beach pebbles i s  r e s t r ic te d  to  a reas  o f the old 
former s tra n d lin e s  and the  more widespread lo ess  head i s  th e  ty p ic a l 
deep red  redeposited  lo ess  incorporating  weathered remnants o f the 
lo c a l  so lid  geology* As noted above the  main co n tro l over the d i s t r i ­
bu tion  of the lo ess  i s  the  slope o f the  land and th is  must a lso  co n tro l 
the  occurrence o f tlie lo e ss ic  head. A continuous g radation  from tru e  
lo e ss  to  coarse head can o ften  be seen. At th e  Route des Clos Landais 
(Guernsey, p r in c ip a lly  in  g rid  square 2677) wliere the  road la  in  a con­
tinuous c u tt in g , a  f u l l  sec tio n  i s  exhib ited  which shows the tra n s i t io n  
from in  s i tu  lo e ss  on the h i ^  p la teau , through lo e ss ic  head w ith  broken 
gneiss p a r t ic le s  on the " r is e r"  between the  high p la teau  and the  220 f t .
(66 m.) su rface , to  lo e ss ic  head w ith beach pebbles on th is  surface i t s e l f .
Auger holes near La Longue Rooque des Paysans (Guernsey, WV 265772) 
show a  th ick n ess  o f  lo e ss ic  head of 8 f t .  (2.6  m.) but th is  i s  probably
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exceptional and th e  general thlckneaa i s  around 3 f t*  (1 a») .  The
lo e ss ic  Wad i s  th ic k e s t in  Guernsey on the shallow slopes In tlie 
p arishes of S t. P ie rre  du Bois and S t. Saviour where the h igher s tran d - 
l in e s  cu t in to  th e  high p la teau  of the is lan d , in  alm ost complete 
cover of lo e ss ic  head occurs on the western end o f th e  b lu f f  below 
C âtel Ciiurch (WY 331780) m d  on the  f l a t  surface  o f th e  100 f t .  (50 m.) 
rock p latform  near Foote’s Lane (wV 317793).
In  Je rsey  the slopes from the is la n d ’s h i# ie r  su rfaces to  tlie 
c o a s ta l p la in  a re  more abrupt so sm aller amounts o f lo e ss ic  head occur 
and the ty p ic a l exposure co n s is ts  of a  s n a il  pocket o f  head ju s t  below 
the 8loi>@ break lead ing  in  to  a  large  v a lle y  such as  those  e a s t  o f 
S t. P e te r ’ s Church (W  605515). The s ides o f  the  v a lley s  a lso  ex h ib it 
pockets of lo e ss ic  head such aa those  v is ib le  a t  W  608504 in  tlie road 
c u ttin g  a t  Beaumont New Road. The only a reas  comparable with the  la rg e  
sheets of lo e ss ic  head whidi occur in  Guernsey a re  tlrie areas of head on 
the slopes north  of S t. Clement’s Church (tvY 688475) and on the slopes 
above G rouville  Marais ( in  g rid  squares 6948 and 6949)* Here a lso  the 
maximum th ickness of the  head la  7 f t .  (2 .1  m.) but the  more general 
th ick n ess i s  5 f t .  (1  m .),
( i i )  Organic remains.
The only organic remains found in  th e  head in  iJie is lan d s  occurs in  
caves w ith  the p a la e o lith ic  s i t e  o f  La Cotte de S t. Brelade in  Je rsey  being 
by f a r  tW  most p r o l i f ic .  In  Guernsey the only remains so f a r  found were 
recovered frwa a  cave a t  La Corblere (WY 232742) now destroyed («Tarrea & 
Mourant, 1936). The fauna a t  th i s  s i t e  co n sis ted  only of a  vole (Microtus 
sp .)  and H elix  nem oralis (L in n .) , a lth o u # i when o r ig in a lly  discovered in  
1825 by F.C. Lukis (see  Lukis’ manuscripts in  Lukis and Island  Museum, 
Guernsey) a  la rg e r  fauna probably Including lemming seems to  have been 
found. Lukis’ f in d s  which were in  a  "calcareous b reccia" (no doubt a  
calcar® ously  cemented head) have been lo s t  s in ce  1825.
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Apart from La C otte de S t. Brelade only La C otte a  la  ChWre has 
produced a  head w ith  faunal renains In  Je rsey . Like the la rg e r  cave 
the  fauna in  La Cotte a  l a  Clievre must have been b r o u ^ t  in to  the cave 
by the  p a la e o lith ic  hunters whose stone implements form the  most durable 
remains a t  both these  s i t e s .  At La Cotte a  la  Chevre the  cave ea rth  o f 
the  occupation lay e r (a  tliin  lo e ss ic  head) produced a  small fragment o f 
Mammoth to o th  and the  jaw o f a deer (probably re indeer) (S in e l, 1912; 
B aal, 1917) .
In  La C otte de St* Brelade the faunal l i s t  i s  complete only fo r  
the upper conplex of deposits  excavated between I 9I I  and I 9I 6 (see 
S in e l & N ico lle , I 9I I ;  N icolle  & S in e l, 1912; M arett & Gardner Warton, 
1915; M arett & Be Gruchy, I 9I 6 and 1917; Burdo, I 96O; McBumey & Callow, 
1971)* The faunal rem ains, which lik e  those a t  La Cotte a  l a  Chevre, 
rep resen t the food debris o f p a la e o lith ic  hun ters, are  contained in  a 
s e r ie s  o f more and le s s  lo e ss ic  heads, some beds o f which con ta in  
massive boulders which f e l l  from the cave roo f perhaps due to  th e i r  
being loosened by f r o s t .  The fauna i s  c h a ra c te r is t ic  o f a  cool or cold 
steppe clim ate  and consis ted  of*
Prim ates
Homo neanderthalensis  (King) Neanderthal man
In sec tiv o ra
Sorex araneus (Linne) Common shrew
Carnivora
Canis lupus (Linné) Wolf
Vulpes vulpes (Linné) Fox
Hyaena spelaea (Goldfuss) Hyaena
* The most complete faunal l i s t  fo r  the lower complex o f La Cotte 
y e t compiled*
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Fodentia
Lepos sp . Har©
Dlcroatonyz h en se li (Hinton) Lesiming
D icrostonys torquatua (P a lla s)  Lem lng
Micro tug ra ttlc e p a  (K eyserling & Bla3ius)?ol®
M cro tua ang llcus (Hinton) 
Spcrmophllua sp*
Perrlsod^icty la 
Equus sp*
Coelodonta a n tiq u ita t ia  (Bltamcnbach)
A rtio d ac ty la
Cervus elaphns (lizm s)
Kegaccros g l^ n te i îs  (Blniænbach) 
Caprcolus caprsolos (Linné)
R anglfer tarandus (Linné)
Bos prim igenius (Bojanus)
Proboscidsa
Mamxauthua prim igenius (Blumenbach) 
Mammthus tro g o n th e r ii (Pohlig)
Avea
Anser bracîiyrhyncîms (B âillon) 
Branta leuoopsls (Beciistein)
B raata  b e m ic la  (Linné)
Falco tinnuncalus (Linné)
Lagopus mutus (Montia)
T e trao  sp*
Alca isîpsnnis (Linné)
G a lliau la  chloropus (Linné)
Cin c lu s  c in c lu s (Linné)
Coleoptera
of* Hydrophllus
Yolo
Ground s q u ir re l  
Horse
Woolly rhinoceros
Red deer 
G iant deer 
Roe deer 
Reindeer 
Giant ox
Mammoth
Maimaoth
Pink-footed goose
Barnacle goose
Brent goose
K estre l
PtsMdgaa
Grouse
Great auk
Moorhen
Dipper
Eydrophilug b e e tle
The lower complex o f La C o tte , s t i l l  under ex<^m tioa by 
KcBmsiey, hag so f a r  produced only a  sm all fCunal l i s t  aa follow s 
(Burdo, 1955, 1956, 19571 HcBumey & Callow, 1971)*
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Priicates
Homo sp .
Carnivora
Ur9113 arc103 (Linn©)
Ursua spelaeus ( Roaermitlller & Heinroth)
■Rodent ia
species undetermined
P e rr i sodactyla 
Equus sp.
Coelodonta a n t iq u i ta t ia  (Blumenbach)
A rtiodactyla,
Ran^gifer tam ndus (Linné)
Bison sp .
Proboscidea
Hiimisuthus prim igenius (Blumeabach)
Aves
species undetermined
Han
Brown bear 
Cave bear
Horse
Woolly rhinoceros
Reindeer
Bison
Hamiaoth
These few species a re  e n o u ^ , however, to  show th a t  the c l im te  
when the cave was occupied was again  co ld .
Also in  the two cave s i t e s  in  Je rsey  th ere  occur m ny thousands o f 
implements o f f l i n t  and le s s e r  numbers of iraplements o f q u a r tz ite ,  
g ra n ite , "greenstone" aid. q u a r ts . While s t r i c t l y  not o r^u iic  remains 
these  iapleraents are  c le a r  evidence of the presence of man and a s  such 
give a  guide to  the conditions o f deposition  of the head (see below). 
Worked f l i n t s  have a lso  occasionally  been found outside the cave s i t e s  
and alm ost a l l  o f these  have been found in  the head overly ing  the  25 f t .  
(8 m.) ra ise d  beach and so a re  presujaably to  be equated w ith the  upper 
complex o f La Cotte de S t. Brelade (B aal, 1914 > Rybot, 1949î & flak e  
was a ls o  found by the p resen t au thor 8 f t .  (2 .4  m.) above the base o f 
the head a t  WV 6096I 8 north  o f Koirmont P o in t).
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( i i j  ) D epogltiom l Envirom ient.
The co as ta l rubble heads of B r ita in  have long been associa ted  
w ith cold conditions and a re  thought to  iiave been the counterpart of 
g la c ia l  t i l l  in  n o n -g lac ia l areas (De La Beche, 1839; G eikie, 1874),
Some recen t w rite rs  (no tab ly  Boi^en, 1973) suggest th a t  much of the 
m ate ria l described as  head is  not of p e r ig la c ia l  o r ig in  but i s  more 
p roperly  a sso c ia ted  w ith the in te rg la c ia ls  during which the ra ised  
beaches were deposited . I t  i s  im portant to  decide wliich type of 
c lim ate the head was formed under, so th a t  a c lim atic  sequence fo r 
the Channel I s le s  can be b u i l t  up.
The evidence o f the organic remains noted above c le a r ly  po in ts 
to  a  cold clim ate fo r  the deposition  of the head and the mere presence 
o f man (shown by the occurrence of h is  stone to o ls )  in  Jersey  suggests 
a clim ate cold enough to  have lowered the sea le v e l below the $0 f t ,
(15 m.) isobath  so as  to  dry the sea f lo o r  and allow men to  walk 
across  from tlie co n tin en t. However the evidence of the caves i s  not 
conclusive as cave d eposit might continue to  form during in te rg la c ia l  
episodes and although man only appears to  have been p resen t in  Je rsey  
in  a sso c ia tio n  w ith cold clim ate mammals, fu rth e r  evidence fo r  the cold 
c l im te  o rig in  of head is  needed.
The m in  reason fo r a sc rib in g  the head to  a  c lin a te  co lder than
the  p resen t i s  th a t  nowhere in  the is lan d s  can e i th e r  of the two types
of head which occur be seen to  be forming a t  p resen t. The rubble head 
of the  coast forms v e r t ic a l  c l i f f s  where i t  i s  undercut by the sea
(as in  Beauport, W  579479» in  Je rse y ), Where the ac tio n  of the sea i s
in te rm itte n t, a s  a t  Les Rouaux (WV 658564)» Je rsey , o r D ivette 
(WV 342754) in  Guernsey, the c l i f f  of head s t i l l  s tays v e r t ic a l  aided 
by a  cover of v eg e ta tio n . Nowhere can cones or heaps o f ta lu s  be seen 
a t  the foo t of such c l i f f s  because as soon as such heaps are  formed they
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are  destroyed by the sea . For such ta lu s  heaps to  be preserved, and 
the form ation of head fans to  begin, the  v egeta tion  which s ta b i l i s e s  
the c l i f f  faces and the sea which under cu ts them must be absen t.
The c lim ate  which enables these conditions to  be f u l f i l l e d  i s  the  
onset of cold which occurs a t  the beginning of a p e r ig la c ia l episode 
(see  Chapter VI below fo r  fu r th e r  d iscu ssio n  of the sequence o f 
c lim a tic  events a t  the end of an in te r  g la c ia l ) .
S im ilarly  the lo ess ic  head on the p lateau  slopes cannot be shown 
to  be forming a t  the p resen t. The cond itions necessary to  cause an 
increase  in  slope movement which would be necessary to  form such th ic k  
lay e rs  of lo e ss ic  head a s  those which occur in  the south-w est of 
Guernsey a t  p resen t, could only be met by a d e te r io ra tio n  in  d i m  te  
and the d e s tru c tio n  o f vegetation  cover. Both these events would 
occur a t  th e  onset of p e r ig la c ia l cond itions.
( iv )  Age.
I f  i t  i s  accepted th a t  th e  head is  the product of a  p e r ig la c ia l 
clim ate i t  then becomes necessary to  date  the d e p o s it. I f  the  25 f t .  
( 8 m . )  ra ise d  beach i s  regarded a s  being of Ipswichian age then most 
of th e  co as ta l head in  the is lan d s  which o v erlie s  th i s  beach must be 
Devensian. As has been s ta ted  above i t  i s  d i f f i c u l t  to  subdivide any 
o f the  head sec tio n s  so i t  is  not possib le to  a sc rib e  the  head to  any 
p a r t ic u la r  phase in  the  Devensian (bu t see  George, 1973, fo r  an 
attem pt to  recognise a  c o n s is ten t s tra tig ra p h y  in  the co as ta l heads 
o f Guernsey). S im ila rly , most o f the lo ess ic  head o f th e  p la teau  i s  
Devensiam i f ,  a s  s ta te d  above, th e  loess i s  Bevensian. The loess and 
the head of the  p lateau  a re  so c lo se ly  associa ted  th a t  they  cannot be 
o f d if fe r in g  ages.
Although most o f  the  head i s  c le a r ly  Bevensian some com plications 
do occur. At a  sm all number of s i te s  in  Guernsey and Alderney and
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ra th e r  more freq u en tly  in  Je rsey  head can be seen to  underlie  the 
25 f t .  (8 m.) ra ised  beach as w ell as to  o v erlie  i t  (see ta b le  W fo r  
a  l i s t  o f  these s i t e s ) .  These lower heads must be of pre-Ipsw ichian 
age and th e i r  probable age is  Wolstonian although no c le a r  proof of 
th is  can be obtained from the sec tions* .
* Barren ( 1975) suggests th a t the head below the ra ise d  beaches 
a t  P o r te le t  ('WV 601471) and Belcroute (iWV 607482) in  Je rsey  i s  
not o f p e r ig la c ia l  o r ig in  but i s  a temperate deposit associa ted  
w ith  the ra ise d  beach. This i s  c le a r ly  not so. The rubble of 
greywacks fragments below the beach a t  Belcroute i s  id e n tic a l 
w ith  the rubble which o v erlie s  the beach gravel and appears to  
have had a c lo se ly  s im ila r  o r ig in . The p o s s ib i l i ty  advanced by 
Bowen tiia t the lower head a t  B elcroute i s  an angular fa c ie s  o f the 
beach gravel i s  most u n lik e ly . The ra ised  beach gravel i s  composed 
o f up to  04% g ra n ite  (from tlie south-west g ran ite  whose con tact 
w ith  the  B rioverian  sediments occurs 150 yards (158 m.) to  the 
south o f the  B elcroute se c tio n ) . The heads, both upper and lower, 
by c o n tra s t a re  e n t i re ly  composed of greywacke. S im ilarly  a t  
P o r te le t the lower head, described by Bowen as c o llu v ia l lo e ss , 
i s  in  fh c t a lo e ss ic  head w ith g ran ite  blocks up to  6 inches 
(15 cm.) square in  a  lo e ss ic  m atrix (see Lawson, I 919) and i s  
very  s im ila r  to  bands o f lo e ss ic  head overlying the ra ised  beach.
E lhaî (1963) a lso  doubts th a t th e  lower head in  many of the 
sec tio n s  enumerated in  ta b le  6 i s  e a r l ie r  than the 25 f t ,  (8 m.) 
ra ise d  beach. He s u j-^ s ts  th a t  the small number of sec tions which 
show such a sequence proves tlia t no d is t in c t  episode of deposition  
i s  marked by the  lower head. He concludes th a t  the upper and lot/er 
heads a t  a l l  the s i t e s  he v is i te d  are  id e n tic a l and thus o f  the 
same age and th a t the ra ise d  beach gravel between the two heads i s  
thus a s o lif lu c te d  mass w ith in  a s ing le  head u n i t .  While i t  i s  
possib le  th a t  the sec tio n s in  B ouilly  P ort (WV 531481) and P o rte le t 
could have evolved as E lhal sug;gests the long sections in  Longis 
Bay, Aldernay (WA 595081) and Belcroute tend to  preclude such an 
id ea . At Longis the sec tio n  i s  continuous fo r  up to  100 yards 
(92 m.) and shows no sign  of any p e r ig la c ia l  disturbance while a t  
Belcroute the g rea t d iffe ren ce  in  lith o lo g y  mentioned above a lso  
po in ts  to  the sec tio n  being in  s i t u .  These sections a re  very 
im portant fo r d a tin g  of events around th e  25 f t ,  (8 m.) ra ised  
beach and w il l  be fu r th e r  discussed below, (see f ig s .  23 & 24 and 
P la te  57.)
I l l
I t  i s  a lso  s ig n if ic a n t th a t  the lower c u ltu ra l complex in  La 
Cotte de S t, Brelade is  regarded by McBumey and Callow (1971) as 
Riss ( i , e ,  W olstonian), This suggestion is  based on the evidence of 
the re la tio n sh ip  of the head containing the lower c u ltu ra l  complex to  
the 25 f t .  (8 m.) beach. The way the 25 f t .  (3 m.) beach in  the cave 
r e s ts  a t  the fo o t of a v e r t ic a l  c l i f f  in  the "R iss” head d ep o sits , 
and is  i t s e l f  covered by "Wurm" head (see f ig .  25 ) resembles the 
way head c l i f f s  a re  eroded a t  the presen t ( i . e .  in  in te rg la c ia l  
co n d itio n s). The tran sg ress iv e  Ipswichian sea is  l ik e ly  to  have eroded 
v e r t ic a l  c l i f f s  of Wolstonian head ju s t  a s  the Plandrian sea has eroded 
Bevensian head. The evidence from Belcroute and s im ila r s i te s  seems 
to  in d ica te  th a t  to ta l  removal of th is  e a r l ie r  head did not occur in  
the Ipswichian and th a t  on the r e t r e a t  of the Ipswichian sea the fo r­
mation of Bevensian head was g re a tly  aided by the collapse of the 
v e r t ic a l  faces of these head c l i f f s .  F landrien  trimming of th is  head 
may have re-excavated these former c l i f f s  so th a t some of the v e r t ic a l  
c l i f f  sec tions v is ib le  round the  islands* coasts may be cu t in  Wolstonian 
ra th e r  than Bevensian head.
I t  is  only the head sec tio n s which r e s t  on 25 f t .  (8 m.) ra ised  
beach gravel th a t  are probably Bevensian in  age. Even in  these cases 
some doubt may a r is e  because some o f the  25 f t .  (8 m.) beaches them­
selves may be pre-Ipsw ichian (see below). However, in  the absence 
o f fu r th e r  evidence the m ajority  of the  head may be regarded as 
Bevensian and the product o f a  p e r ig la c ia l c lim ate . S im ilarly  the  loess 
i s  a lso  the product of a  cold clim ate and probably contemporaneous w ith 
the head.
112
C n a p te r l l l .  The Higher Raised Beaches,
a) In troduction
As was s ta te d  in  tlie in tro d u c tio n , the Channel I s le s  contain  
w ith in  the compass of a few small is lan d s  an extensive sequence of 
upper middle and upper P leistocene marine events untouched by the 
d ire c t  e f fe c ts  o f g la c ia tio n . The evidence i s  in  two se p a n te  forms*
(a) the rock cut evidence of rock platform s and caves, and (b) the 
evidence o f d eposits  -  the beach sands and g rav e ls .
As was mentioned above th e  e a r l i e s t  in d ica tio n s  of marine ac tion  
in  the is lan d s  are  the p lanation  surfaces a t  500 f t ,  (92 m ,), 220 f t ,  
(66 m,) and 180 f t ,  (54 m,) which a re  e sp ec ia lly  w ell defined in  
w estern Guernsey (Dunlop, 1896, I 9I I ;  Mourant, 1933» Eanson-Lowe, 1938» 
E lh a î, 1965) ,  These surfaces have no in  s i tu  marine deposits on them 
but a t  several p laces they are occupied by s o lif lu c t io n  deposits in  
which beach deposits  occur, showing where o rig in a l beach deposits have 
been destroyed . As previously  noted the age o f these  surfaces may be 
s im ila r  to  those of surfaces a t  s im ila r  heigh ts in  southern England 
(Everard, 1954b; Wooldridge & Linton, 1955),
In  d iscussing  the h e i s t s  of ra ised  beaches in  the  Channel I s le s ,  
the fa c t  th a t  the is lands have seme o f the  la rg e s t t id a l  ranges in  the 
world must be considered. The maximum t id a l  range in  Je rsey  i s  42 f t .  
( 12,9 m.) and in  Guernsey 36 f t ,  (11 m .). I f  such t id a l  ranges occurred 
in  the P le istocene (and th ere  is  no reason to  doubt th a t  they did) 
ra ise d  beach remnants which can be seen in  the present landscape may 
be a t t r ib u ta b le  to  a wide range of sea lev e ls  merely because of the 
com plications of t id a l  range. F urther problems a re  introduced by the 
exposure of much of the is la n d s ’ co as tlin e  to  the f u l l  force of A tlan tic  
storm waves which may ra ise  shingle ridges w ell above high w ater mark.
115
At La Rue de la  Roc que (V/V 254786) in  Guernsey (one of the few s tre tch e s  
o f coast w ithout a sea w all) the shingle b a r r ie r  a t  the re a r  of the 
beach reaches 10 f t ,  ($ m,) above high w ater mark and hence 28-50 f t ,
(c , 8 m,) above mean sea lev e l and as much as 48-50 f t .  ( c ,  15 m,) 
above sediments forming near low water mark a t  p resen t. Despite the 
above comments measurements of the heigh ts of the ra ised  beaches by 
C o llenette  ( I 9I 6 ) ,  Mourant (1933) and George (1973) show two c le a r  
height envelopes (see f ig ,  35 ) fo r  the  lower beaches around 25 f t ,
(8 m.) and 60 f t ,  (18 m,) 0 ,D ,*, The number of fragments o f th e  high
beach which occur are  too few fo r  such height determ inations although
the few remnants which occur appear to  be a t  concordant heights around 
100 f t .  (50 m ,),
b) The 100 f t ,  (30 m,) ra ised  beach
Je rsey , The h ighest in  s i tu  marine deposits  in  the  is lands occur
a t  around 120 f t ,  (56 m,) a t  South H i l l ,  S t, H e lie r (WV 651477)
(Dunlop, I 9I I ;  Naish, 1919î Mourant, 1933)# The South H ill  beach i s  a 
coarse boulder gravel of granophyre ( th e  lo c a l so lid  rock) and appears 
to  be devoid of fo re ign  stones. The beach reaches a  h e i ^ t  of 127 f t ,  
(58 m ,). Mourant (1953) s ta te s  th a t the beach has a lower lim it  of 
105 f t ,  (51 iR,) but th is  lower p a r t i s  now obscured by the te rra c in g  
of the  South H i l l  Gardens. S u r e s t  ions th a t the  beach gravel r e s ts  on 
head (Dunlop, 1915) seem to  be an e rro r  caused by the weathering of 
the granophyre where i t  i s  cu t by dykes of "m inette" (mice-lamprophyre). 
The beach gravel i t s e l f  i s  only s l ig h t ly  weatliered due to  the extreme
* George (1973) recognises a th ird  lev e l a t  36 f t ,  (11 m.) but c i te s  
only a  very  few lo c a l i t ie s  fo r  th is  s tag e . In  view of the number of 
times marine transg ressions have reached a t  le a s t  56 f t ,  th is  stage 
probably belongs to  one o f them and the most l ik e ly  i s  the 60 f t ,
(18 m,) s tag e .
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re s is ta n c e  of the granophyre to  ro tt in g .
Only one beach deposit has been found in  Jersey  a t  a le v e l between 
th a t  of South H il l  and the 60 f t .  (13 m.) beaches. This occurs a t  
W  686473 in  a road c u ttin g  425 yards (584 m.) west o f S t. Clement's 
Church, The sec tio n  is  now very overgrown, Dunlop ( I 9I I )  estim ated 
th e  heigh t of th i s  beach as 70 f t ,  (21 m.) above mean sea lev e l but 
Mourant (1933) suggests th is  is  an e r ro r  and the tru e  height i s  110 f t .  
(53 2i«) O.D, As Mourant l a t e r  re a lis e d  (personal comm.) th is  h e i ^ t  
too i s  wrong and the co rrec t height of the base of the deposit i s  85 f t ,  
(26 m .). Dunlop s ta te s  th a t the beach is  20 f t .  (6 m.) th ick  so i t s  
surface h e ig h t i s  IO5 f t .  (51 m, ) and i t  i s  covered above th is  by an 
indeterm inate th ickness of head. The beach i s  composed of s l i ^ i t l y  
weathered g ra n ite  cobbles in  a m atrix o f sand and r e s ts  on a  bench of 
very  weathered d io r i te  which has, however, preserved the wave cut notch 
a t  the in land  edge of the p latform ,
Guernsey, The h ighest beach deposit in  Guernsey caps the h i l l  
above Les Bouvets (WV 264781) and i s  composed of up to  8 f t .  (2 ,4  m.) 
of medium yellow sand re s tin g  on weathered g neiss . The surface height 
of the  beach i s  125 f t ,  (57*5 m.) and d esp ite  considerable disturbance 
of the  ground surface by th e  ctx istruction  of the German a r t i l l e r y  
b a tte ry  100 f t ,  (50 m.) from the beach deposit th is  i s  probably a tru e  
h e ig h t. This beach deposit can only be found by augering so examination 
of i t  i s  d i f f i c u l t  bu t i t s  heigh t makes i t  l ik e ly  th a t  i t  i s  comparable 
in  age w ith the beach a t  South H i l l ,
As in  Je rsey , fu r th e r  lo c a l i t i e s  fo r  the 100 f t ,  (50 ni, ) beach 
occur in  Guernsey below 100 f t ,  (50 m .), At Les Tardes (W 516825)
(see photograph, p la te  5I  ) the la rge  g ranod io rite  quarry owned by 
Ronez Ltd. cu ts  in to  a beach gravel a t  85 f t ,  (26 m ,). This exposure 
was discovered by G.F, M itchell in  I 967 (personal comm.) but continued
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working of the quarry has by now ( 1974) destroyed most of the deposit 
although small patches s t i l l  e x is t  in  old German trenches on the h i l l to p  
(W  516824) and in  the quarry (W  517822) no rth  of Maison Le Bas. The 
deposit c o n s is ts  of a boulder g ravel up to  4 f t .  (1 .2  m.) th ic k  (P la te  52 ) 
w ith  most o f  the  c o n s titu e n ts  of the beach being of the  lo ca l g ranod io rite  
and very  weathered, but a lso  p resent a re  sev era l f l i n t s  includ ing  cobbles 
up to  6 inches (15 cm.) in  diam eter. The beach r e s ts  on a bench a t  85 f t .  
(26 m.) O.D. which i s  c u t ac ro ss  deeply weathered g ran o d io rite . The con­
s t i tu e n ts  of the  beach a re  s im ila r ly  deeply weathered and d is in te g ra te  a t  
a  touch (G irard , I 967) .
Other d ep o sits  a t  s im ila r  h e i ^ t  to  Les Tardes occur in  several p laces . 
At Le V illocq  (W  507798) small patches of beach sand up to  5 f t .  (1 m.) 
th ic k  occur. This deposit i s  a coarse sand w ith a few pebbles in  i t  and 
was seen in  b u ild in g  trenches below 5 f t .  ( l  m.) of lo ess ic  head. The beach 
deposit r e s ts  on weathered gneiss and i s  the l a s t  remnant of what once must 
have been an extensive sheet of beach m ateria l r e s t in g  on the wide f l a t  
below the ridge surmounted by C atel Church (se c tio n , f ig ,  24 ). The whole 
o f th is  f l a t  i s  now covered w ith lo ess ic  head except in  the Le T illo cq  area 
where the sand outcrops ju s t  south of the trenches mentioned above. The 
seaward con tinuation  of th i s  f l a t  near S t. Germain (W  295798) a lso  had a 
sandy beach deposit on i t  but th is  has now been quarried  away (George, 1973).
The northern  "hougues" o f Guernsey have g en era lly  accordant summits 
a t  around 80-100 f t .  (25-50 :&.) but only the Les Tardes hougue has a beach 
gravel on i t#  At Delancey Park (WT 546810) the summit o f the h i l l  reaches 
100 f t .  (50 m.) bu t no d eposits  can be seen except in  the n o rth -eas t corner 
where a  d istu rbed  mass of beach cobbles r e s t s  on weathered gabbro in  a 
c u tt in g  behind the ten n is  c o u rt. These beach stones a re  almost c e r ta in ly  
s o lif lu c te d  but they  provide evidence th a t  the  h i l l  formerly had a  cover o f 
beach g ravel. Below Tale M ill (WT 554825) beach cobbles occur in  head a t
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around 80 f t .  (24 m .). The top of th is  r id g e , l ik e  the Delancey Park 
hougue, has no beach gravel on i t  so these beach stones m y  be the l a s t  
remnant of a former beach cover.
At Mont S ain t (WV 272790) and La Hougette (WV 260776), overlooking 
the west c o a s t, small patches of beach gravel occur churned in to  the 
deeply weathered so lid  geology in d ica tin g  the previous occurrence o f beach 
m a te ria l. At Pleinmont (W 248748) a sm all patch of beach gravel occurs 
on the h i l l s id e  200 yds. (184 m.) above the junction  of the coast road 
w ith the road from T orteval,
Alderney. In  Alderney a t  WA 596088 in  the railw ay c u tt in g  675 yds.
(625 m.) north-w est of V /hitegates, 4 f t .  (1 .2  m.) of medium gravel r e s ts  
on Alderney Sandstone. The gravel i s  composed of fin e  grained g ran ite  
and sandstone w ith  no f l i n t  p re sen t. The h e i ^ t  of the base of the beach 
i s  about 74 f t .  (22.7 m.) and the pebbles are only s l ig h tly  weathered, but 
th is  beach i s  assumed to  belong to  the 100 ft*  (30 m.) beach because i t  i s  
c le a r ly  not p a rt of the  60 f t .  (18 m.) beach which occurs in  the  west face 
o f the  flooded quarry ju s t  to  the north  o f the  railw ay c u ttin g .
The way in  which th e  e x is tin g  remnants of th e  100 f t .  (30 m.) sea 
le v e l seem to  occur a t  two d if fe re n t h e ig h ts , 70-90 f t .  (21.5 -  27.6 m.) 
and IIO -I3O f t .  ( 33.8  -  40 m.) in d ica te s  the possib le  ex istence of two 
m r in e  ep isodes. (Marine and f lu v ia l  le v e ls  elsewhere around 100 f t .  (50 m.) 
show a  d is t in c t  d iv is io n  in to  two lev e ls  s im ila r  to  those of the  Channel 
I s le s  beaches.) The way the beach remnants occur aa d is jo in ted  fragments 
on h i l l to p s  and as patches on much wider benches a t  the same height suggests 
a considerab le  age fo r  these d ep o sits  because o f th e i r  g reat d issec tio n  in  
comparison w ith the lower beaches. There i s  no in te rn a l evidence to  pro­
v ide dates fo r  these  beach remnants and they a re  b es t dated by reference to  
the  more widespread lower beaches. D iscussion of the age of these deposits  
w i l l  be deferred  u n t i l  a l a t e r  chap ter.
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c) The 60 f t .  (18 m.) ra ised  beach
Je rse y . In  Je rsey  th is  beach i s  only known from a few s i te s  ( see 
tab leT I) and wave smoothed notches and caves w ith  a beach deposit a re  
more widespread than deposits a lone. At La Cotte à  la  Chèvre (W  555566) 
( s in e l ,  19125 Zeuner, 1946) the beach co n sis ts  of la rg e  w ater worn boulders 
in  marine sand ( f i g .  26 ) ,  This s i t e  w ith i t s  p a la e o lith ic  industry  so 
c lo se ly  a sso c ia ted  w ith  the ra ise d  beach i s  c ru c ia lly  important in  the 
d a tin g  of the 60 f t .  (18 m.) beach and w il l  be considered fu rth e r  below.
Several caves in  the Grand Becquet area  (WV 575565) have 60 f t .  (18 m.) 
beaches as " fa ls e  roofs" to  the caves, which then are empty of deposits  down 
to  a modem beach (see f ig .  27 ) .  At Le P inacle  (WV 545555) a s im ila r  cave 
has had i t s  beach gravel destroyed by an in flu x  o f head but the  wave notch 
i s  s t i l l  c le a r ly  v is ib le .  The only permanently v is ib le  beach exposure i s  
in  the Snow H il l  railw ay c u ttin g  a t  S t. H e lie r (WV 655485) (Dunlop, I 9I 5)» 
This beach has a  base a t  a h e i ^ t  of 59 f t .  (18 m.) and co n sis ts  of a f in e  
gravel of granophyre. A ssociated w ith th is  exposure i s  the patch of beach 
found during the excavation of th e  Port Regent road tunnel 100 yds. (92 m.) 
south of th e  Snow H il l  sec tio n  (Renouf & Bishop, 1911) which was a lso  a t  
59 f t .  (18 m .). e th e r  lo c a l i t ie s  fo r  the 60 f t .  (18 m.) b/^ch occur a t  Mont 
Ju b ilee  (W7 575515) (Renouf, 1970) and V erclut (W7 697476) where temporary 
sec tio n s  exposed beach gravels below the abandoned c l i f f l i n e .
Guernsey. The best exposures of the 18 m. beach occur in  Guernsey.
The wide f l a t  o f the  100 f t .  (50 m.) le v e l has been retrimmed on i t s  northern 
edge by the 60 f t .  (18 m.) sea (see  sec tio n , fig*  24) and severa l of the 
northern  hougues have la rge  expanses o f the 60 f t .  (18 m.) beach on th e i r  
tops and s id es . The 60 f t .  (16 m.) beach in  Guernsey may b est be divided 
in to  th ree  fo r  d e sc rip tiv e  purposes: I ,  a  southern group below the old c l i f f  
l in e  o f Rocquaine Bay; II, a c e n tra l group comprising the retrimmed edge of 
the  100 f t .  (30 m.) p latform ; and I I I ,  a northern  group tak ing  in  the  northern  
ex trem ities  of the is lan d  and Important fo r  d e ta i ls  o f  the re la tio n sh ip  with 
the 25 f t .  (8 m.) beach.
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The southern group (X) co n sis ts  of two lunate  a reas  of g ravel below 
Rue des Paysans (W  260779) and La Pomare (WV 259774) and a small a rea  o f 
(gravel and sand a t  Les Rouvets (W  265785). The Rue des Paysans deposit 
i s  a medium beach gravel mostly o f lo ca l gneiss but w ith a few f l i n t s  
r e s t in g  on weathered gneiss. I t s  upper l im it  i s  a t  60 f t .  (18 m.) and i t s  
lower around 45 f t .  ( I 4 m.) although th is  lower edge m y be so lif lu c te d  
downslope. The deposit a t  La Pomare is  s im ila r  in  type to  th a t  a t  Les 
Paysans and a stream  sec tio n  through i t  shows i t  to  be a t  1 m st 8 f t .
(2.4  m.) th ic k . This deposit has more angular m ate ria l and le ss  f l i n t  than 
the Les Paysans d ep o s it. The deposit a t  Les Rouvets i s  In te re s tin g  in  th a t 
i t  p reserves a complete f o s s i l  beach zone (see  se c tio n , f ig .  27)1 At Les 
Rouvets House a t  60 f t .  (18 m.) the beach co n s is ts  o f coarse weathered 
g rav e l; 5^ yds. (45 m.) to  the north -w est, in  the yard of a v inery , 4 f t .
ÇL.2 m.) of sand, f in e  a t  the top but coarser downwards, occurs re s t in g  on 
weathered g n e iss . The surface of the ground over the sand i s  a t  50 f t .
(15 m .). The gravel a t  Les Rouvets House rep resen ts  the storm beach gravel 
near high w ater mark while the sand probably is  an in te r - t id a l  sediment.
Below 50 f t .  (15 m.) the beach sand i s  covered w ith  lo e ss ic  head (see 
C o lle n e tte , 1895).
The c e n tra l  group ( l l )  o f the 60 f t .  (18 m.) beach is  broadly the r e -  
trimmed edge of the 100 f t .  (50 m.) p latform  and has the best exposures of 
beach gravels a t  th i s  h e i ^ t  in  the  Channel I s le s .  The exposures a t  King 
George’s F ie ld s (W  309803) are v ery  f l in ty ,  a l l  the o th er exposures le s s  
so . At King George’s F ie ld s the beach is  a t  le a s t  5 f t .  (1 m.) th ick  as 
shown by stream  sec tio n s  while a t  Pleinheaume (W  319818) up to  4 f t .  (1 .2  m.) 
o f w ell rounded but weathered g ravel r e s ts  on a  weathered bench in  a  road 
c u ttin g . A ll the deposits  l i e  a t  h e i s t s  of over 50 f t .  (15 =i.) O.D. oiid 
below 60 f t .  (18 m .). The deposit a t  La Ramee (WV 525798), the most "inland" 
of the beaches, i s  the h i p e s t  a t  60 f t .  (18 m.) while the deposits  a t  
Anneville (W  321812) and Les Capelles (W  323813) a re  mostly below 55 f t .
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(16,5 m.) (see D errick , 1888; De La Î-Iare, I 9O I). The co arsest gravel 
a lso  occurs a t  La Ramee so i t  is  possib le  tlriat the s l ig h t  slope and 
decrease in  c a lib re  of p a r t ic le s  to  the north  i s  an o r ig in a l fea tu re  
formed in  the r e t r e a t  o f # e  sea from the 60 f t .  (18 m.) s tra n d lin e .
The beach a t  Plelnheaume shears c le a r ly  th a t the 60 f t .  (18 m.) deposit 
i s  no t p a r t  of the  100 f t .  (50 m.) sea le v e l. This beach gravel i s
separated  from the deposits  o f Les Tardes by a very  steep  slope cu t in
weathered g ran o d io rite  and no connection between the two lev e ls  can be 
seen. S im ilarly  (see  f ig ,  25) the 60 f t ,  ( I 8 m.) beach can be seen to
be d is t in c t  from the 25 f t .  (8 m.) beach a t  La Passe (OT 515825) where
the 18 m. beach occupies the top of the h i l l  in to  which the lower beach 
i s  c u t .  The lower beach i s  covered by head which has been so lif lu c te d  
from th is  h i l l .
The northern  group ( i l l )  contains much of th e  evidence fo r  th e  sepa­
ra tio n  of the  60 f t .  (18 m.) and 25 f t .  (8 m.) beaches. At Chouet in  the 
extreme north-w est o f th e  is land  the la rge  quarry below the Gernan radar 
tower (WV 352840) shows the sep ara tio n  between th e  low beach which forms 
the seaward s ide  o f the quarry  and the 60 f t .  (18 m.) beach which l i e s  on 
a  " sh e lf” above the quarry side  r is in g  from c,48 f t .  (14 m.) to  0,56  f t ,
(17 m.) around the south of the quarry . The large flooded quarry to  the 
south of the tower a lso  lias a sm all patch of beach a t  i t s  summit. At 
Paradis (W  350055) ^  the extreme n o rth -e a s t of the is lan d  th e  60 f t .
(18 ffi.) beach occupies a ty p ic a l h i l l to p  lo ca tio n  and exposures occur in  
ÎToinaont Quarry (WT 36Ï 83I)  and in  Paradis Quarry (WV 357832)# The beach 
gravel was a lso  encountered in  the excavation o f the  Dehus Dolmen* s 
foundations (Kendrick, 1928). At M e le tte  Lane (WT 559855) the beach can 
be seen in  the small quarry to  the south s ide  o f th e  lan e , outcropping in  
the h igher side  of the quarry . The sm all quarry on the  north  side  o f the 
lane (W  359834) and a  l i t t l e  lower down has the 25 f t .  (8 m.) beach exposed 
below 5 f t .  ( 1.5  m.) o f  head. On the north  side o f the Eougue du Paradis
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a t  La Lande (W  357837) the 25 f t .  (8 m.) beach can be seen in  a  quarry 
below the  slope break lead ing  to  the 60 f t .  (18 m.) beach on the h i l l to p ,  
lone of the outcrops of the  60 f t .  (18 m.) beach around Paradis i s  w ell 
exposed and i t  i s  d i f f i c u l t  to  see whether much fo re ign  m ate ria l i s  
p resen t in  the beach, although a t  WT 559820 small ro lle d  f l i n t s  can be 
found in  the hedge lank on the edge of the  expanse of beach g ravel (sec tio n , 
f ig .  52).
Alderney. In  Alderney only small pockets of 60 f t .  (18 m.) beach occur. 
At B ib e tte  Head (WA 588O9I )  pockets of g ravel occupy g u ll ie s  on the top of 
the headland a t  a  heigh t of 40 f t .  (12.5 # . ) .  These pockets of gravel a re  
a sso c ia ted  w ith  the  60 f t .  (18 m.) beach because of th e i r  weathered s ta te  
compared w ith nearby exposures of the  25 f t .  (8 m.) beach and because they 
have no connection w ith the lower le v e l .
In  the quarry n o rth  of the railw ay c u ttin g  (WA 59&088) mentioned above 
a  sm all outcrop of 60 f t .  (18 m.) beach can be seen in  th e  side o f the 
quarry . As the quarry i s  flooded th is  beach exposure cannot be c lo se ly  
examined bu t i t  i s  c le a r ly  not a sso c ia ted  w ith  the 100 f t .  (50 m.) beach in  
the  railw ay  c u tt in g . This beach gravel on ih e  quarry s id e  i s  probably the  
one described  by De La Mare ( I 900) and which he s ta te d  r is e s  to  a  h e i ^ t  
o f 58 f t .  ( 17.8  m .).
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Chapter IV# The 23 ft#  (8 m.) ra ised  beach,
a) In troduction
The most widespread ra ised  beach in  the Islands i s  the 25 ft#  (8 m.) 
ra ised  beach# I t  i s  exposed widely around the p resent coasts  of the is lan d s  
ju s t  above modern high water mark and in  co n tra s t to the higher beaches i t  
i s  o ften  covered with head and lo e ss . Because of th is  cover o f s o lif lu c tio n  
deposits  i t  seems fa r  le s s  extensive in  outcrop than the 6o f t .  ( l8  m.) beach 
on i t s  h i l l to p  s i t e s ,  but in  r e a l i ty  the lower beach i s  presen t very widely 
around the coasts  o f the is la n d s .
Because the 25 f t .  ( 8 m. )  beach i s  so close to  the modern beach in  i t s  
d is tr ib u tio n , the g ra in size  o f the deposit and the arrangement o f the par­
t i c l e s  w ithin the two beaches are o ften  c lo se ly  s im ila r , unlike those o f the 
h igher ra ise d  beaches which show no re la tio n sh ip  to  the p resen t c o a s tlin e .
An in te re s tin g  example o f th is  s im ila r i ty  between the 25 f t .  (8 m.) beach 
and the  modern beach can be seen below Fort Tourgis in  Alderney (WA 5&2079) 
where both the modern and the ra ised  beach become coarser to  the no rth -east 
towards a p ro jec tio n  o f g ran o d io rite . The progression from coarse sand to 
a boulder gravel in  the modem beach i s  exactly  matched in  the ra ised  beach. 
Numerous o th er examples occur on the coasts o f a l l  the is la n d s .
b) Jersey
In Je rsey  the 25 f t .  (8 m. ) beach i s  most c le a r ly  seen in  the south­
west and n o rth -eas t corners o f  the is lan d  and in  the bays o f the north coast. 
In the n o rth -eas t the ra ised  beach occurs as iso la te d  pockets o f f in e  gravel 
in  g u ll ie s  in  the rock p latfo rm , as around Belval (WV 709525 and WV 711528), 
and as a lay e r o f coarse sand in  the base o f the head, as a t  Le Sauchet 
(W  692549) and Saie (WV 795541). These pockets o f beach m aterial are c lo se ly  
s im ila r  in  g ra in s ize  and d is tr ib u tio n  to  the modern beaches nearby.
Along the north coast o f Jersey  the 25 f t .  (8 m.) beach i s  la rg e ly
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obscured by the massive thickness o f the head but a t  a few po in ts beaches 
do occur. In Bouley Bay north-northw est o f the p ie r  (WV 66954$) the beach, 
which here i s  composed o f cobbles and boulders o f rh y o lite  and andésite  up 
to  2 f t .  (60 cm.) in  diam eter, r e s ts  on up to  6 f t .  (2 m.) o f coarse head 
which f i l l s  g u ll ie s  in  the shore platform  and was ev iden tly  planed o f f  
le v e l with the top o f the platform  by the marine transgression  which de­
posited  the beach g rav e l.
In Les Rouaux (W  658564) there  are  a few very small pockets o f beach 
gravel re s tin g  d ire c t ly  on the shore platform  and a t  the in land edge o f the 
platform  an ex ce llen t wave smoothed notch i s  preserved in  the Brioverian 
sedim ents. Close by, below Belle Hougue Point (W  655564), the 25 f t .  (8 m») 
beach occurs in  a cave and contains a mammalian and molluscan fauna preserved 
in  a s ta lagm ite  cement. (Morin, 1919» Zeuner, 1945a; Baden-Powell in  Seuner, 
1945a)* The marine molluscs were o f nine species as followss
M ytilus c f  ed u lis  (Linne)
P a te lla  vu lgata  (Linne)
P a te lla  c f  depressa (Pennant)
Gibbula um bilicata (Montagu)
Astraliura rugosum (Linne)
L itto r in a  s a x a t i l i s  (O liv i)
L itto r in a  l i t t o r a l i s  (Linne)
Purpura la p i l lu s  (Linne)
Ocenebra erinacea (Linne)
The mammalian m ateria l consisted  o f a se r ie s  o f bone fragments which have
been re fe rre d  by Zeuner (1945a) to  a small race o f Red Deer -  Cervus
elaphus je rsey en s is  (Zeuner) o f roe o r fallow  deer s iz e . The deer bones
and the o ther bones p resent are  a l l  g re a tly  water worn and ap art from the
deer bones only bones o f Epimys r a t tu s  (Linne), the black r a t ,  are id e n tif ia b le .
The bones probably came to  be in  the cave by f a l l in g  down a  f is su re  from
above as there  i s  no sign o f human agency in  the cave. In I 965 a fu rth e r
deposit o f beach m ateria l with Cervus elaphus je rseyensis  was discovered in
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a sm aller cave beside the s i t e  described above (Mourant, I 966) . Most of 
the beach deposit and i t s  contained fo s s i ls  were removed e ith e r  by excavation 
or by weathering but when the presen t author v is i te d  the cave in  19?4 a 
small pocket o f conglomerate with a t ib ia  of Cervus elaphus je rseyensis  was 
found in  the extreme back o f the cave. These fo s s i ls  from Belle Hougue cave 
have considerable s ig n ifican ce  fo r  the chronological and c lim atic  sequence 
in  the is lan d s  and th is  w ill  be fu rth e r  discussed below.
In G iffard  Bay (WV 652559) the ty p ic a l p a tte rn  o f small patches o f 
beach sh ing le  in  the base o f the head i s  repeated , but in  Bonne Nuit Bay 
fu rth e r  to  the west (WV 641559) the only beach gravel p resen t co n s is ts  of 
a coarse, iro n  cemented, sandy sh ingle which i s  p las te red  on to the rock 
platform  up to  50 yds* (45 m.) to seaward o f the face o f the c l i f f  o f head 
a t  the back o f the beach. Mourant (1935) suggests th a t th is  "submerged" 
beach (and o thers  in  a s im ila r  p o s itio n  in  S t. C atherine’s Bay and a t  
Noirmont Point (see P la te  38) a t  about 10 f t .  (3 m.) O.D. "may be p a rt o f 
the 25 f t .  beach but i t  i s  possib le  th a t (they) rep resen t a separate 
horizon". As Mourant s ta ted  in  h is  e a r l ie r  d escrip tion  (1933), there  i s  
no evidence to  date these beaches so there  i s  no reason to  suppose th a t  they 
are  not p a r t  o f  the 25 f t .  (8 m.) beach.
In the south-west corner o f Jersey  there  a re  several fin e  exposures of 
the 25 f t .  (8 m.) beach. Almost without exception these beach gravels are 
separated from the rock platform  by a  lay e r o f head (see Chap. I I  and tab le  
IV fo r d e ta i l s ) .  In  Belcroute Bay (WV 607482, see P la te  37 ) the c la s s ic  
sec tio n  shows a beach gravel of g ran ite  pebbles covered by up to  4 f t .
( 1.2  m.) o f red beach sand which grades up in to  a fin e  head of sharp frag ­
ments o f Brioverian greywacke. Below the marine deposits i s  up to 4 ft*
(1.2  m. ) o f head which appears to  have been truncated by the marine tran s­
g ression  depositing  the ra ised  beach (see Dunlop, 1913)#
At F o r te le t (WV 601471) beach sand again o v erlie s  the boulder beach 
which in  tu rn  r e s ts  on a wave smoothed surface  o f the lower head (Lawson, 1914).
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A fu rth e r  patch of beach gravel r e s ts  d ire c tly  on the rock platform  on 
the north  side  o f the H e au Guerdain (see sec tio n , f ig ,  31), suggesting 
th a t  the marine transg ression  trimmed a shallow sloping surface across the 
lower head end l e f t  a beach p ro f ile  very s im ila r  in  angle to th a t o f the 
p resen t beach.
In B ouilly  Port (V/V 58l48l) and Beauport (WV 580479) s im ila r  sec tions 
o f beach g ravel re s tin g  on head can be seen. In the bay to the south o f La 
Cotte Point (WV 593476) a more unusual sec tio n  occurs. In th is  bay, a fine  
gravel i s  cemented to  the rock platform . This i s  succeeded by up to  3 f t .
(1 m.) o f head which i s  in  tu rn  o verla in  by up to  2 f t .  (60 cm.) o f  coarse 
beach g rav e l. (This sec tio n  i s  i l lu s t r a te d  by MeBurney and Callow as th e ir  
p la te  IX .) When traced  la te r a l ly  the coarse beach gravels are  replaced by 
a uniform upper head to  below the le v e l o f the outcrop o f the coarse beach 
g rav e l. I t  seems l ik e ly  th a t the lay e r o f coarse beach pebbles i s  a de­
tached block o f gravel w ithin the head and i t  i s  the lower f in e  gravel which 
i s  in  s i t u .  Examination o f the nrodern beach in  the same bay shows th a t the 
s iz e  grades o f  the f in e  and coarse beach gravels are  up to  30 yds. (28 m.) 
ap a rt down the beach. I f  the same g ra in  s iz e  re la tio n sh ip s  occurred during 
the deposition  o f the 25 f t .  (8 m. ) beach the coarse gravel must have been
moved 30 yds. (28 m. ) during the formation o f the head.
About 200 yds. ( l84  m.) north  o f Noirmont Point (WV 609467) i s  a 
fu rth e r  exposure o f the "submerged beach" noted above as occurring in  Bonne 
Nuit Bay. This beach too (see P la te  58) i s  cemented to the rock platform  
some d istance from the p resen t c l i f f  of head. Many of the pebbles of the 
beach a re  ro tte d  (e sp e c ia lly  the g ra n ite )  and only a few small f l in t s  occur.
As a t  Bonne Nuit th e re  i s  no evidence to  suggest th a t th is  beach I s  not the 
same age as the 25 f t .  ( 8 m. )  beach.
Associated with the p resen t beach in  S t. Ouen’s Bay on the west coast 
o f Jersey  i s  a la rg e  area  o f blown sand (3 .2  square miles (8 km.^) in  to ta l )
which r is e s  on to  the is lan d  p la teau  and reaches a height of 259 f t .  (79.6 m.)<
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In the area around S t. P e te r ’s Church (WV 595516) a P leistocene equivalent 
o f th is  modern dune system occurs. This o lder deposit can only be examined 
in  temporary sec tio n s and auger holes and has no surface expression. The 
modern blown sand i s  white in  co lour, uncemented and f u l l  o f  the s h e lls  o f 
the molluscs
Helix aspersa (M üller)
H e lic e lla  caperata  (Montagu)
C ochlicella  acuta (M üller)
and can be seen to  o v e rlie  the lo e ss . By co n tra s t the o lder sand i s
s trong ly  s ta in ed  with iro n  oxide so i t  i s  cemented to  a sandrock, has no
molluscan remains and i s  covered by a lo e ss ic  s o i l .  A sec tio n  described 
by Attenborough, Baal and S inel (191?) a t  Tete des Quennevais (c.WV 584505)
shows 9 f t .  (2 .7  m.) o f modern dune sand overlying an iron  cemented sandrock
with Upper P a la e o lith ic  implements on i t s  su rface . I t  i s  probable th a t  the 
lower sand in  the above sec tio n  i s  the same as the one seen by the p resent 
author and th a t  the iro n  cemented sand i s  of much g re a te r  a n tiq u ity  than the 
modern uncemented sand. A discussion o f the age o f th is  ancient sand w ill 
be deferred  u n t i l  Chapter V below (Keen, 1975)#
c) Guernsey and the sm aller is lan d s  to the e a s t .’
In Guernsey the best exposures o f the 25 f t .  (8 m.) beach occur in  the 
north of the is lan d  but small pockets o f ra ised  beach gravel occur a l l  
round the is la n d 's  co ast. In  the sou th -east a t  D lvette (WV 342754) small 
patches o f beach sand up to 2 f t .  (62 cm.) th ick  occur in  the base o f the 
head while a sec tio n  with ra ised  beach overlying head was once present 
according to  C o llenette  ( I 916) but th is  deposit has since been destroyed 
by the sea . On the south coast a t  La B ette  (WV 314748) a small patch 
o f beach gravel occupies a f is su re  above the rock platform  (see P la te  41 ) 
and reaches a heigh t o f  35 f t .  (10 m .). This beach gravel i s  e n tire ly  o f 
lo c a l m ateria l and has no f l i n t  in  i t .
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On the west coast the beach i s  w ell marked a t  L’Eree (WV 248785)
(see De La Beche, I 839) and a t  th is  po in t contains la rg e  f l i n t s  and cobbles 
o f q u a r tz ite  up to 6 inches (15 cm.) in  diam eter. A ll the o ther headlands 
o f the west coast north of L’Eree have th e ir  complements o f beach g rav e l.
At F ort Richmond (WV 268749) and Le Catioroc (WV 260790) the beach i s  very 
weathered and a t  the l a t t e r  lo c a l i ty ,  in  a road cu ttin g  only the ou ter sh e lls  
o f  the la rg e s t  boulders remain with th e ir  cen tres to ta l ly  ro tte d  away.
At Vazon (WV 284801), F ort Le Crocq (WV 270798) and La Jaonneuse 
(WV 339842) patches o f beach gravel s im ila r  to  Mourant*s "submerged beach" 
o f Je rsey  occur in  the in te r t id a l  zone. At these s i t e s  the gravel i s  s im ila r 
to  th a t  o f the Je rsey  lo c a l i t i e s  and l ik e  them i s  w ell cemented and firm ly 
held on to  the rock platform . Again no evidence o f the age o f these deposits 
occurs. At Rousse (WV 324833) the whole o f the in te r t id a l  zone fo r a hun­
dred yards (91 m.) to  seaward o f high water mark i s  underlain by a  cemented 
beach conglomerate r ic h  in  f l i n t .  H iis  beach l i e s  between 7 f t .  (2 m. ) and 
12 f t .  6 inches (3.6  m.) O.D. (G irard , I 96O) and i l lu s t r a te s  how fa r  the 
e a r l ie r  in te r t id a l  zone overlaps w ith the p resen t one. The beach a t  Rousse 
i s  d istin g u ish ed  by the occurrence o f  huge (up to  10 f t .  (3 m.) square) 
boulders o f g ran o d io rite  s e t  in to  the beach. These blocks were probably 
placed in  th e i r  p resen t p o sitio n  by the destru c tio n  o f offshore rocks and 
s tack s  by the ra ise d  beach sea . The movement o f such la rg e  blocks seemingly 
in d ic a te s  a clim ate q u ite  as stormy as a t  presen t during the deposition o f 
the ra ise d  beach (see below, Chap. VI ) (see P la tes  44 & 46 )•
The b est examples o f the 25 f t .  ( 8 m. )  ra ised  beach in  Guernsey occur 
a t  Kont Cuet (WV 33841) and are  exposed in  the la rg e  quarry below the 
German tower. The beach gravels here are  5 f t .  (2 m. ) th ick  and r is e  to a 
heigh t o f  33 f t .  (10 m.) O.D. (see P la te  45 )• At th e ir  lowest point
the beach g ravels  are  a t  I 8 f t .  (5 m# ) O.D. The ra ised  beach a t  th is  point 
i s  a uniform gravel co n sis tin g  mainly o f lo c a l rock types (g ranodiorite  and
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g ra n ite )  but with s ig n if ic a n t amounts o f "foreign" stones including f l i n t ,  
rh y o li te ,  pink sandstone and jasp e r (see below, and ta b le  V ). At L’Ancress© 
(WV 348838) a f in e  grained beach gravel i s  a lso  r ic h  in  f l i n t  ( ta b le  7 )  
while a t  &)mmet Paradis (WV 362829) a coarse beach gravel i s  r ic h  in  cobbles 
o f greywacke.
The offshore  i s l e t s  and rocks to  the e a s t of Guernsey have l i t t l e  in  
the way o f ra ise d  beach m ateria l on them desp ite  th e ir  in  some cases 
sh e lte red  p o s itio n . Their general shape must have been trimmed by the sea 
which cu t the low shore platform  but the extreme su sc e p tib il i ty  to  weathering 
of the g ran o d io rite  of which they are  composed seems to  have caused the 
to ta l  d is in te g ra tio n  o f any cover o f beach deposits which these is lan d s  may 
once have possessed. The la rg e s t  of the email is la n d s , Herm, has no recog­
n isab le  beach deposit on i t .  The i s l e t s  to the north known lo c a lly  as the 
"Hun^s" a l l  have remnants o f rock platform  on th e i r  edges but only Longue 
P ie rre  has beach deposits in  the form o f a sm all patch o f gravel on i t s  
south s id e . J e thou, in  the most sh e lte red  p o sitio n  of these sm aller is la n d s , 
has an extensive beach o f w e ll-ro lled  boulders on i t s  south side (H ill ,  I 887) 
with many o f  these boulders being up to  2 f t .  (62 cm.) along th e i r  long a x is . 
This beach i s  up to  15 f t .  (4 .6  m.) th ick  (the  th ick es t deposit o f the 25 f t .  
( 8 m . )  beach in  the is lan d s)  and i s  m irrored a t  p resent by a beach o f s im ila r 
s ized  boulders which lin k s  the rock o f P e ti te  Fauconniere to  Jethou. This 
coarse ra ised  beach i s  probably a remnant o f a l a s t  in te rg la c ia l  sh ingle 
bar which a lso  connected Fauconniere with the main is la n d . Also on Jethou’s  
south coast i s  a fu rth e r  example o f a  ra ised  beach interbedded between two 
heads. In  th is  exposure the lower head f i l l s  a g u lly  in  the shore platform  
and the ra ise d  beach gravel r e s ts  in d iffe re n tly  on rock platform  and trun­
cated head with a  l a t e r  head in  tu rn  re s tin g  on the beach gravel (see 
f ig .  29) .
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d) Alderney and Burhou
In Alderney the 25 f t .  (8 m.) ra ised  beach i s  confined to the north 
and eas t co as ts . Good examples o f  the beach occur below the bedded head a t  
Hannaine (WA 557073) and in  patches below the head along the c l i f f  sec tio n  
to the north  and west o f Hannaine and Fort Clonque (WA 555073)* The o ther 
main exposures o f the beach occur a t  the eastern  end o f the is la n d . At 
Quesnard about 100 yds. (91 m*) south o f the ligh thouse (WA 6o4o89) i s  a 
f in e  beach o f cobbles below head up to  10 f t .  (3 m.) th ic k . This beach 
r is e s  to  33 f t .  (10 m. ) O.D, Further to  the south near La P e ti te  F o lie  
(WA 606088) the beach occurs a t  a much lower h e ig h t, below presen t high 
water mark, around 10 ft*  (3 m.) O.D. On the south side  o f Longis Bay, 
south o f the Roman Fort (WA 59508l) the beach r e s ts  on the rock platform  
a t  the northern  end o f the sec tio n  but gradually  r is e s  to  the south u n t i l ,  
a t  the southern end, up to  3 f t .  (1 m.) of coarse sandstone head i s  in te r ­
posed between the beach cobbles and the rock platform  (see f ig .  54 )•
The sm all is lan d  o f Burhou 1 mile (1 .3  km.) to  the north o f Alderney, 
unlike most o f the sm aller is lan d s  in  the Channel I s le s ,  has preserved some 
o f i t s  ra ise d  beaches. On the western side  o f the is lan d  up to 6 f t .  (2 m.) 
o f  beach conglomerate occurs forming one o f the f in e s t  ra ised  beach exposures 
in  the is lan d s  (see P la te  59 )• The pebbles of th is  beach exposure show a 
marked im brication  caused by the steepness o f the o r ig in a l slope o f the 
beach. Many o f the pebbles in  th is  exposure are f l i n t  and the ra ised  beaches 
in  Alderney contain  the most f l i n t  o f any o f the Channel I s le s  beaches 
(see ta b le  T ) .
©) Composition o f the 25 f t .  (8 m.) ra ised  beach
As has previously  been noted foreign  stones sometimes occur in  the 
Channel I s le s  ra ise d  beaches. F l in t  i s  by f a r  the most common and the ra ised  
beaches o f Alderney have the most f l i n t  in  them while Jersey  and Guernsey
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have le s s  (see ta b le  7 ) .  In add ition  beaches on north facing coasts have 
more f l i n t  in  them than those facing south .
The o rig in  o f th is  f l i n t  i s  d i f f ic u l t  to  determ ine. Dunlop, 1913; 
C o llen e tte , 1916; S in e l, 1923; and Mourant, 1933 a l l  a t t r ib u te  the f l i n t  
to  d r i f t  ic e .  The ice  which overrode the S c illy  I s le s  and Fremington 
(M itchell & Orme, 1966; Edmonds, 1972î Kidson & Wood, 1974) contained f l i n t ,  
60 with w esterly  winds, calv ing ice  bergs w ith th e ir  f l i n t  e r r a t ic s ,  would 
be blown up Channel to the is lan d s  from an ice  sheet in  the western 
approaches.
An a lte rn a tiv e  o rig in  fo r the f l i n t  i s  th a t i t  was ro lle d  up the sub­
marine slope from chalk outcrops o r p re -ex is tin g  gravels by the r is e  in  sea 
le v e l from g la c ia l  low sea le v e ls .  Hie p o s s ib i l i ty  th a t f l i n t  gravels may 
occur below p resen t sea le v e l i s  suggested by McBurney and Callow (1971) 
where they show th a t the in d u s tr ie s  in  La Cotte de S t. Brelade changed pro­
g ress iv e ly  from being o f f l i n t  to being o f lo c a l m ate ria ls . McBurney and 
Callow c o rre la te  th is  change in  m ateria l with the la te  "S iss"  r i s e  in  sea 
le v e l flooding f l i n t  r ic h  d ep o sits , so forcing  the p a la e o lith ic  hunters to 
r e s o r t  to  n o n -f lin t m ateria ls  obtainable above the r is in g  sea le v e l .  There 
i s  no o th er evidence, e .g . a la te  g la c ia l  po llen  sequence, to  in d ica te  th a t 
th is  m ateria l change was due to  sea le v e l changes and the increase in  the 
use o f n o n -f lin t m ateria ls  may be due to  c u ltu ra l  preference.
This ro ll in g  o f  f l i n t s  from lower le v e ls  would a lso  provide a mechanism 
fo r the occurrence o f Alderney type sandstone and Jersey  type ja sp e r, 
rh y o lite  and greywacke in  Guernsey (see above, and De La Mare, 1895, fo r 
lo c a l i t i e s )  and the occurrence o f Sark sc h is t  in  Jersey  (Mourant -  personal 
comm.). I f  la rg e  expanses o f gravel from the e x is tin g  areas o f the islands 
were deposited by p e r ig la c ia l ac tion  on the Channel flo o r during low sea 
le v e ls ,  the ac tio n  o f the wind and t id e  during the r is e  in  sea would soon 
d is tr ib u te  these rock fragments widely.
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The lo ca tio n  of the beaches r ic h e s t  in  f l i n t  on north  facing  coasts  
suggests th a t  the main influence in  depositing  the f l i n t  came from the 
n o rth . I t  i s  noteworthy th a t the 25 f t .  (8 m.) beach has by f a r  the most 
f l i n t  in  i t  ( th i s  m y be a su b jec tiv e  judgement because of la rg e r  numbers 
o f exposures of th is  beach). This beach is  conventionally  dated as 
Ipsw ichian (see M itch e ll, Penny, Shotton & West, 1973) and so follow s the 
supposed maximum g la c ia tio n  of w estern B r ita in  in  the Wolstonian during 
which considerab le  amounts of f l i n t  were introduced in to  the w estern approa­
ches by ice  (M itch e ll, I960). Pebble counts in  the modern beach in  Bonne 
Nuit Bay, Je rse y , show th a t  compared w ith the ra ise d  beach in  the same bay 
i t  has only h a lf  as  much f l i n t  (2.12^ against 4*9^)* This seems to  suggest 
th a t  the main period of f l i n t  in tro d u c tio n  was p r io r  to  the deposition  o f 
the ra is e d  beach and th a t  th e  modern beach which i s  composed o f m ateria l 
from erosion of the ra ised  beach and the ( f l in t l e s s )  head contains thus a  
d ilu te d  percentage of the o rig in a l f l i n t .
The p o s s ib i l i ty  of n o rth e rly  d e riv a tio n  by ice  i s  strengthened by 
the occurrence o f Devonian c r in o id a l lim estone in  the 25 f t .  (8 m.) beach 
a t  C orbiere, Je rsey  (c.WT 554481) (Dunlop, 1913) which c le a r ly  has a nor­
th e r ly  source and is  probably not derived f ro a  the Channel f lo o r . However, 
the occurrence of f l i n t  in  the h igher ra ise d  beaches up to  th e  exposure of 
85 f t .  (26 ffi.) a t  Les V aries, Guernsey, makes i t  c le a r  th a t  f l i n t  was being 
deposited  in  the area before the W olstonian. Whether th is  poin ts to  an 
e a r l ie r  g la c ia tio n  in troducing  f l i n t  in to  the Channel o r  to  a steady amount 
o f f l i n t  being deposited in  the island  beaches by the erosion  of submarine 
outcrops i s  unknown*.
* M itchell and Orme ( I 966) in  the S c illy  I s le s ,  d is tin g u ish  between p re - 
and post-W olstonian ra ised  beaches on the grounds of f l i n t  and o ther 
e r r a t ic  co n ten t. Their Chad G rit ra ised  beach has only small amounts of 
f l i n t  in  i t  and i s  thought to  be p re -g lac ia tio n  in  age while the Porth 
Seal beach i s  r ic h  in  f l i n t  and thought to  be p o s t-g lac ia tio n  (Ipswichian) 
in  age. The au thors ascribe  the small amounts of f l i n t  in  the e a r l ie r
/beach
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Chapter V. The Froblem of an E a r lie r  25 f t .  (8 m,) Beach.
I t  has re ce n tly  been suggested, p r in c ip a lly  by M itchell (M itchell & 
Orme, I 966; M itch e ll, 1970? M itchell in  d iscussion  to  Bowen, 1973? Turner 
in  d iscussion  to  Bowen, 1973) th a t  th e re  are  two ra ised  beaches recognisable 
around the shores of the I r i s h  Sea (and by extension th ere fo re  around the  
shores of the Channel) a t  approxiiaately 25 f t .  (8 m.) O.D. The 25 f t .
(S m.) rock platform  i s  c le a r ly  o lder than  the  beach which r e s ts  upon i t  
s ince su b -a e r ia l deposits  separate  beach m ateria l from the rock platform  
a t  sev e ra l po in ts around the is lan d s  ( ta b le  I\r). I t  i s  not th erefo re  un­
reasonable to  suppose th a t  beach d eposits  of two ages may occur. M itchell 
and Orme describe  two such beaches in  superposition  in  the S c il ly  I s le s  
and suggest th a t  they  nay be d is tin g u ish ed  on th e i r  e r r a t ic  content (seen 
above, P a rt I I ,  Chapter 17).
In  the Channel I s le s  th ere  a re  no c le a r  d is t in c tio n s  between beaches 
on grounds o f e r r a t ic  co n ten t. I t  is  no ticeab le  th a t  some outcrops are 
r ic h e r  in  f l i n t  than  others and th a t  those  w ith  the most f l i n t  are  o ften  
titô least weathered but o ther v a riab le s  may cause beaches o f the  same age 
to  be more or le s s  weathered ( e .g .  cover o f head, nearness to  ground water 
seepage). The presence of f l i n t  in  the 25 f t .  (8 m.) beach e sp ec ia lly  i s  
o ften  influenced by the s ize  grade of the pebbles. The co arses t beaches 
a re  devoid of f l i n t  but beaches w ith  a pebble s iz e  of around 2 inches 
(5 cm.) long a x is  often  show la rg e  amounts o f f l i n t .  D espite these ob­
je c tio n s  th e re  a re  two s i t e s  in  Guernsey where an e a r l i e r  low ra ised  beach
con t. from previous page.
beach to  "offshore sources” The g rea t increase in  f l i n t  in  the la te r  
beach is  s ta te d  to  be due to  the deposition  of la rge  amounts of f l i n t  
in  the is lan d s  by the Wolstonian ice  (and i t s  subsequent incorporation 
in  the ra ise d  beach.
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can be recognised; a t  Ferma in  (W 359762) and a t  Moulin Huet (WV 33I 75I )* .
At Ferma in , on the north  side of the bay, sh e lte red  by the Gouficher Rock 
{VJY 341763) a sec tio n  in  head and ra ised  beach can be seen. The sec tion  
r e s ts  on a smooth but very  weathered platform  which i s  a t  about 18 f t .
( 5.5  m.) above mean sea le v e l .  Above the platform  is  1 f t .  (30 cm.) of 
f in e  beach gravel wiiich i s  followed by 3 f t .  ( l  m.) of coarse angular 
g ravel in  a m atrix of sandy decomposed gneiss which is  c le a r ly  a s o l i ­
f lu c tio n  d ep o s it. This i s  succeeded by a  fu r th e r  1 f t .  6 inches (45 cm.) 
o f coarse beach cobbles and then 1 f t .  6 inches o f  coarse sand with angular 
pebbles near the top which i s  probably a beach sand grading up in to  head.
The head forms a c l i f f  15 f t .  (4,6  m.) high above the ra ised  beach deposits 
(see f ig .  28).
Such sec tio n s shw ing  two ra ise d  beaches in  superposition  a re  des­
cribed  by M itchell and Orme ( I 966) from S t. îfe.rtin*s in  the I s le s  o f 
S c illy  and by George (1932) from Gower (Minchin H ole). Bowen (1973) suggests 
th a t  these Gower sec tio n s  rep resen t one beach with an angular gravel between 
two gravels w ith  more rounded pebbles. In  the Ferma in  sec tio n  the angular 
gravel between the two beaches shows no sign  o f being water-worn so a marine 
reg ressio n  must have occurred between th e  two episodes o f beach deposition .
I f  such a period of marine reg ressio n  d id  occur i t  would be expected th a t  
evidence of i t  would be found in  o ther sections in  the is lan d s  but no other 
sec tio n  of th is  kind has been found. I f  such an event as a double marine 
t 2%nsgre s s i on had occurred in  as  recen t an episode as the  la s t  in te rg la c ia l  
i t  ^ o u ld  have l e f t  wider tra c e s  than  ju s t  two sec tio n s  amid very  ES-ny.
* In  Je rse y , M itchell and Orme ( I 966) describe a  ra ised  beach below the 
lower head in  Belcroute (see above). Repeated searching by th e  present 
au thor has fa i le d  to  lo ca te  the sec tio n  described by M itchell and Orme 
and i t  i s  not described in  the l i t e r a tu r e .  In  ad d itio n  A.E. Mourant 
w ith  f i f t y  years* experience of Je rsey  geology has never seen such a 
sec tio n  a t  B elcroute so i t  is  possible th a t  M itchell was mistaken in  h is  
d e sc rip tio n . I f  not the lower of the two ra ised  beaches in  Belcroute is  
probably to  be equated w ith the lower beach a t  Fermain in  Guernsey.
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Thus the l ik e l i e s t  explanation of these sec tio n s  showing two beach gravels 
in  c lose superposition  i s  th a t  the  two beach deposits a re  o f q u ite  d if fe re n t 
ages and separated  by a t  le a s t  a su b s ta n tia l marine reg ression  and probably 
a f u l l  g la c ia l* .
The second lo c a l i ty  where th is  e a r l i e r  low lev e l beach may occur i s  
in  the cave a t  Moulin Huet ( th e  roo f of th is  "cave” i s  in  fa c t collapsed 
and s i t e  i s  in  a deep g u lly  ra th e r  than a tru e  cave). The cave a ttra c te d  
geo log ical a t te n t io n  ea rly  on (C o llen e tte , I 9I 6) .  In  the cave (see sec tio n , 
f ig .  35 ) a remnant of the low shore p latform  i s  backed by a f in e  wave notch 
and has cemented to  i t  a coarse cobble beach (see P la te  4 0 ) .  Further 
patches of conglomerate a re  cemented to  the wave notch outside the cave ju s t  
to  the  w est. The top  o f the beach reaches 5^ f t .  (9 m.) above mean sea 
le v e l .  Much h igher in  the cave a t  over 45 f t .  ( I 5.8  m.) i s  a fu rth e r  patch 
of beach in  a  notch which i s  le s s  w ell developed than th e  lower notch. The 
two beach gravels a re  a l ik e  in  every d e ta i l  of cementation and conditi<m.
The e a s ie s t  explanation  of th is  arrangement of beach remnants i s  to  assume 
th a t  th e  cave was o r ig in a lly  f i l l e d  w ith gravel to  a t  le a s t  the h ighest 
p o in t th a t  th e  gravel reaches a t  present and th a t  l a t e r  e rosion  has brought 
about the arrangement which can be sea i a t  p resen t. I f  th is  i s  so then  the 
g ravel i s  not a  p a rt o f the 25 f t .  (8 m.) beach o f l a s t  in te rg la c ia l  age as 
nowhere can the d ep o sits  o f th is  episode be seen to  r is e  above 53 f t .  (10 m.) •
* A recen t re -ev a lu a tio n  of the Minchin Hole s i t e  by Bowen and S u tc liffe  
( 1974) suggests th a t  the  higher of th e  two beaches in  th is  cave, a t  around 
40 f t .  (12 m .), i s  the e a r l i e r  and the lower beach a t  around 20 f t .  (6 m.) 
i s  the younger and was formed by the sea en tering  th e  cave and re  trimming 
the  e a r l i e r  d ep o sit in  the  same manner a s  described fo r  La Cotte de S t. 
Brelade by McBurney and Callow (197%)*
** George (1973) o ffe rs  a  ra d ic a lly  d iffe re n t explanation o f the Moulin 
Huet sequence to  th a t  above. He suggests th a t  the higher deposits  (which 
he says a re  a t  11.7 m. O.D. (58 f t . ) ) a r e  a d if fe re n t deposit to  the  lower 
deposits  and e a r l i e r ,  although s t i l l  p art of th e  Ipswichian beach, in  
which he includes a l l  d eposits  in  the is lan d s  up to  60 f t .  (18 m .). As 
s ta te d  above i t  is  u n lik e ly  th a t  the  sea rose above 53 f t .  (10 m.) in  the 
l a s t  in te rg la c ia l  so the h igher lev e l g ravel in  Moulin Huet must be pre­
l a s t  In te rg la c ia l  in  the sense th a t  the term is  being used in  the present 
work. In  view o f  the s im ila r i ty  between the  two gravels th ere  seems to  be 
no grounds fo r  assuming two ages fo r  the  deposits  in  th is  cave.
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S im ilar caves in  Je rsey  around th e  north-w est of the  is lan d  have 
cemented beach gravels in  them a t  around 50 f t .  (15 m .). Few of these 
caves have beach gravels in  them a t  a lower lev e l although a t  Le P inacle 
( w  545555) I l e  Agois (v/¥ 597557) iu  Jersey  deep g u ll ie s  con ta in  wave 
worn notches a t  both 25 f t .  (8 m.) and 60 f t .  (18 m .). Mourant (1933) 
suggests th a t  the 60 f t .  (18 m.) le v e l i s  the e a r l i e r  and th a t  the 25 f t .
(8 m.) sea then cut away the rock f lo o rs  of these caves to  leave the 
g ravel of the h igher le v e l hanging as a f a ls e  roo f (see  f ig .  2? ) ,  I t  seems 
in c red ib le  th a t  cave f lo o rs  o f even weathered g ran ite  could be destroyed 
but leave the g ravels <m them s t i l l  in  s i tu  e sp ec ia lly  high above the  upper 
l im it of l a s t  in te rg la c ia l  wave a c tio n . I t  seems more l ik e ly  th a t  an  
e a r l i e r  tra n sg ress io n  up to  a t  le a s t  60 f t .  (18 m.) from around the p resen t 
sea le v e l ,  cu t th e  caves and f i l l e d  them w ith  sediment which la te r  became 
cemented. A lower sea lev e l around 25 f t .  (8 m.) then eroded the lower 
p a r ts  of the gravel away. The g ravel of th e  25 f t .  sea has in  tu rn  been 
removed by the modem high sea le v e l so only t i e  h ighest gm vel re m in s .
In  Ju s t one case a t  Cane de la  R ivere, Jersey  (W  577560), a lower 
g ravel can be seen to  r i s e  from around 24 to  40 f t .  (7*5 zi. to  22.5 la.) 
above m an sea le v e l .  This seems to  confirm th a t  a  marine aggradation
from around the present sea lev e l to  over 40 f t .  (12.5 m.) occurred a t  some
stage in  the P le is to cen e . As the archaeological sequences in  La Cotte de 
S t. Brelade and La C otte a  la  Chevre occur in  caves and in  a sso c ia tio n  w ith 
ra ise d  beach dep o sits  the age of th e  caves i s  c le a r ly  important in  the 
bu ild in g  o f a  chronological sequence fo r  the is la n d s . TW age of th i s
e a r l i e r  period of low sea le v e l ,  the age of th e  60 f t .  (13 m.) ra ised  beach
and th e  25 f t .  ( 8 m. )  beach a re  so in tim ate ly  bound up w ith the archaeo­
lo g ic a l evidence th a t  they w i l l  be considered below in  Chapter V I.
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Chapter 71. C lim atic and Chronological Sequence in  the Charnel I s l e s .
a) Higher surfaces
Any chronology of the Channel I s le s  P leistocene mist use the ra ised  
beach succession as a frame around which otîier deposits  may be assembled, 
as  the ra is e d  beaches are the d ep o sits  which a re  a t  present most re a d ily  
d a teab le .
As mentioned a t  the  beginning of Chapter I I I ,  p lanation  surfaces 
e x is t  in  tiie landscape up to  400 f t .  (123 m.) and some o f th e  lower sur­
faces (p r in c ip a lly  those a t  220 f t .  (66 m.) and 160-180 f t .  (48-54 m.)) 
s t i l l  have the l a s t  remnants o f beach deposits on them (see Dunlop, 1913? 
EHiaî, 1963, f o r  an exhaustive d iscussion  of these rem nants). The ages 
of these  surfaces are  unknown. E lhaî considers th a t  the  i n i t i a l  develop­
ment of the landscape began in  the e a r ly  Pliocene and th a t  th e  h ighest 
su rfaces ( a t  4OO f t .  (123 m.) in  Je rsey  and 3OO f t .  (92 m.) in  Guernsey) 
were retrimmed in  the la te  Pliocene and then t i l t e d ,  Jersey  to  the south 
and Guernsey to  the n o rth , about a hinge between the two is la n d s . As 
E lba! h im self admits the evidence fo r  th is  plana t io n  and t i l t i n g  i s  merely 
th a t  of comparison w ith  areas in  the  C otentin  and B rittan y  which have 
planed and t i l t e d  surfaces a t  a s im ila r  h e ig h t. The lower surfaces below 
the summits of the m in  is lan d s  and the  summit su rfaces of Herm and Sark 
a re  a t t r ib u te d  by E lha l and Mourant (1933) to  the c la s s ic  M ilazzian and 
S ic i l ia n  stages of D ej^ret ( I 922) .
b) Surfaces and d ep o sits  between 125 f t .  (57.7 m.) and 85 f t .  (26 m.)
The beaches a t  South H i l l  and S t. Clement’s Church a re  declared by
Mourant (1933) and E lhaî ( I 963) to  be Tyrhennian in  age on the basis  of 
th e i r  h e i s t s  above sea le v e l .  The beaches in  Guernsey a t  Les Vardes and 
Les Rouvets should a lso  be considered to  be Tyrhennian on grounds o f he igh t. 
The widespread le v e l In  western Guernsey a t  about th i s  h e i ^ t  i s  best 
regarded as  a p lan atio n  surface  o f the same age as  these iso la te d  deposits
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Tjut s tr ip p ed  o f them by l a t e r  erosion .
The g rea t d issec tio n  o f these 100 f t .  (50 m.) beaches and su rfaces,
th e i r  c le a r  d if f e re n t ia t io n  from the 60 f t .  (18 m.) and 25 f t .  (8 m.)
le v e ls  (see above. Chaps. I l l  and IT) and th e i r  equation w ith  the  Tyrhennian
le v e l by various authors mke i t  p la in  th a t  these  beaches a re  to  be dated
to  the Hoxnian in te rg la c ia l .  Further evidence fo r  th i s  date i s  suggested
by comparison with the  d ep o sits  of the Slindon -  Goodwood ra ise d  b ^ c h  of
Sussex (Reid, I 905; Oakley & Curwen, 1957? Dalrymple, 1957). This Sussex
beach i s  a lso  on two lev e ls  l ik e  the d eposits  in  the Channel Islands ( a t
80-98 f t .  ( 24-27 m.) in  Aldingboume Park and 125-135 f t .  (37-42 m.) a t
Slindon) and contains f l i n t  implements which suggest a  Hoznian d a te . The
liandaxes from Slindon are s im ila r  in  every way to  th e  Acheulian handaxes
o f Swanscombe and Hoxne both of which a re  ty p ic a l s i te s  of th e  Eoxnian
in te rg la c ia l ,  so i t  seems most l ik e ly  tha.t th e  Slindon s i t e  i s  of Eoxnian
age and th a t  tlie Channel I s le s  100 ft#  (50 m.) beaches were formed by the 
*same sea «
c) Events postdating  the  deposition  o f th e  100 f t .  (30 m.) beaches
At the end of th e  Eoxnian in te r  g la c ia l  the  onset o f  g la c ia tio n  caused 
the  lowering o f sea le v e l and the abandonment of the f o s s i l  c l i f f s  cu t during 
the  in te rg la c ia l*  There i s  no c le a r  evidence in  the  is lan d s  o f how f a r  the  
sea le v e l sank before reaching  temporary s ta b i l i ty  but I t  i s  possib le th a t  
the low shore platform  was reoccupied, i f  not o r ig in a lly  c u t, a t  th i s  tim e**»^.
Kellaway in  d iscussion  to  Bristow and Cox (1973) and in  M itchell e t  a l ,  
( 1973) suggests th a t  the Slindon beach i s  Cromerian because i t  contains 
e r r a t ic s  from the  west l e f t  by a  supposed "E ls te rian "  (Anglian) ice  sh ee t.
A Cromerian da te  seems u n lik e ly  un less th e  two lev e ls  a t  Slindon a re  o f  
d if fe re n t  d a te s . As the h igher le v e l contains Acheulian implements o f 
ty p ic a l  Eoxnian type i t  seems most u n lik e ly  th a t  th i s  beach i s  o f  Cromerian
** The dating  of the shore platform  as post-Hoxnian merely s ta te s  the 
l a t e s t  date a t  which the c u tt in g  of th is  low platform  could have begun. 
Other authors suggest th a t  the platform  may have begun i t s  evo lu tion  in  
the  Cromerian (Edmonds, 1973) o r the Lower P leistocene (Orme, I 9665 
Stephens, 1970).
++ There i s  no recognisable counterpart in  the  Channel I s le s  o f the  p o s t-  
100 f t .  coombe rock o f Slindon w ith i t s  Acheulian occupation s i t e .
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The evidence fo r  a post-Hoxnian -  pre-60 f t .  (18 m.) sea as low as 
presen t sea le v e l i s  contained in  the caves around the coasts  o f  Je rsey  
and Guernsey. Many of these caves (p a r tic u la r ly  on the outcrop o f the  
north-w est g ra n ite  in  Jersey) have cemented beach d eposits  in  them a t  
around 60 f t .  (18 m .). Below these deposits (w ith the sing le  exception 
o f La C otte à  l a  Chevre) th ere  i s  always an open cave cu t down to  a t  le a s t  
p resen t sea le v e l (see  f ig .  27 ) .  I t  seems improbable th a t  a  cave could be 
cu t from below in  fre sh  rock and leave a loosely  cemented beach gravel 
hanging above i t .  The caves c le a r ly  came f i r s t  and were e i th e r  cu t by the 
sea r is in g  from a post-Hoxnian ( i . e .  perhaps e a r ly  Wolstonian) low sea 
le v e l or a t  le a s t  retrimmed by th is  marine tran sg ress io n ,w ith  the o r ig in a l 
c u tt in g  of the caves occurring a t  some e a r l i e r  s tage in  th e  P leistocene 
perhaps in  pre-Eoxnian times or perhaps during th e  marine tran sg ress io n  of 
the e a r ly  Eoxnian.
The e f fe c t  of th i s  marine tra n sg ress io n  i s  most c le a r ly  seen in  the 
Moulin Huet cave in  Guernsey ( f i g .  55 ) where a  marked platform  occurs w ith  
a maximum o f 6 f t .  (2 m.) o f coarse g ravel r e s t in g  on i t .  In  the cave roof 
a t  45 f t .  ( 15.8 m.) above mean sea lev e l fu r th e r  patches o f g ravel occur 
which a re  s im ila r  in  every d e ta i l  to  th a t  a t  the lower le v e l  and make i t  
most l ik e ly  th a t  the  g ravel as  i t  i s  seen a t  p resent i s  merely the l a s t  
remnant of the m ateria l which o r ig in a lly  f i l l e d  the  cave.
Erosion during  the Ipsw ichian in te rg la c ia l  and during the modern high 
sea le v e l have l e f t  the p a tte rn  as i t  appears a t  present w ith  a  few caves 
p reserv ing  a  cemented remnant of beach gravel out of reach o f  Ipswichian 
(o r modern) storm waves*.
* Several au thors (Orme, I 966; M itchell & Orme, I 966; M itchell, 1978; 
Stephens, I97O; Turner in  d iscussion  to  Bowen 1973 and personal communi­
cation ) have suggested th a t  the Eoxnian sea le v e l in  w estern B r ita in  
ra th e r  th a n  occurring  a t  100 f t .  (50 m.) O.D. in  fh c t only reached a  lev e l 
o f around 20 f t .  (6  m.) O.B. In  view o f the f a c t  th a t  sev era l o f these 
"low" Eoxnian d eposits  ■ are  interbedded w ith head and g la c ia l  t i l l  i t  seems 
more l ik e ly  to  the present au thor th a t  th e  beach remnants described by the
/above authors
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d) The age o f the 60 f t .  (18 m.) beach and events follow ing i t
This beach is  of g rea t ex ten t in  the is lan d s  and is  d is t in c t  from 
e i th e r  the  25 f t .  (8 m.) beach o r the  100 f t .  (30 m.) beach (see above, 
Chapter I I I ) .  In  view of th is  sep ara tio n  from these o th er beaches the 
60 f t .  (18 m.) i s  n e ith e r  Eoxnian nor Ipswichian in  age*. I f  th is  d is ­
t in c t io n  betv/een the 60 f t .  (18 m.) beach and the o ther beaches i s  accepted 
an age in  the  W olstonian g la c ia tio n  seems most l ik e ly  with the 60 f t .
(18 m.) beach being formed in  e i th e r  an in te r s ta d ia l  or a h ith e r to  un­
recognised in te rg la c ia l  (see  below. P a rt I H ,  Chapter U  fo r a fu r th e r  d is ­
cussion of th is  ep isode). That the period of deposition  of th e  60 f t .
(18 m.) beach was c lo se ly  followed by a  cold period i s  suggested by the 
archaeo log ical evidence.
In  La Cotte à  la  Chevre the massive boulders of the  beach deposit
a re  covered by only 6 inches (15 cm.) of weathered beach sand before they
a re  o verla id  by the lo ess ic  c lay  w ith  f l i n t  implements of the occupation 
la y e r  (S in e l, 1912; Zeuner, 1946). The lower "Pre-M oustarian” le v e ls  a t  
La Cotte de S t. Brelade con ta in  implements which a re  id e n tic a l in  a l l  s ig ­
n if ic a n t d e ta i ls  (C.B.M. McBurney -  personal communication) w ith those o f 
La C otte a la  Chevre . These implements occur in  a sso c ia tio n  w ith the
(co n t. from previous page)
above authors should in  fa c t  be dated to  the phase o f low sea lev e l 
fo llow ing the  Eoxnian as described above. There are  g rea t d i f f i c u l t i e s  
in  a sso c ia tin g  the Eoxnian w ith a  low sea le v e l in  western B r ita in  in  
view of tiie f a c t  th a t a l l  the s i t e s  w ith  ty p ica l Eoxnian m ollusca,
• a r t i f a c t s  or mammals in  f lu v ia l  sequences in  eas te rn  B r ita in  a re  a t  
the  100 f t .  (50 m.) le v e l ( e .g .  Swanscombe).
* E lhal ( 1965) suggests th a t  the  60 f t .  (18 m.) beach i s  a continuous
fe a tu re  w ith  the 25 f t .  (3 m.) beach (h is  haut and bas-normannien).
That th i s  i s  not so i s  demonstrated in  Chapter XU.
** S in e l ( 1912) s ta te s  th a t  the implements recovered from La Cotte à
la  Chevre were c le a r ly  o f an e a r l ie r  type than  those a t  la, C otte de 
S t .  B relade. He places these f l i n t s  in  the "pre-M ousterian” ( i . e .  
post-A cheulian) which i s  the age of the  implements from La Cotte de 
S t. Brelade described by Burdo ( I 96O) and McBurney and Callow (1971) 
even though these lower lev e ls  a t  La C otte de S t. Brelade were not 
discovered u n t i l  25 years a f t e r  S inel*s death .
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butchered re m in s  of such cold clim ate species as Mammoth and Woolly 
Rhinoceros. In  ad d itio n  small numbers of pollen  g ra ins in d ica tiv e  o f  a sub­
a r c t ic  v eg e ta tio n  have a lso  been found in  these lower horizons of La Cotte 
de S t. B relade (McBurney & Callow, 1971).
The f l i n t  in d u s tr ie s  found in  the two Je rsey  caves shorw some a f f in i t i e s  
-fith the L ev a llo is ian  in d u str ie s  known in  B r ita in  and France (C.B.M. McBurney -  
personal comTounication) and although a few handaxes have been found in  la  
C otte de S t. Brelade the general ch a rac te r  o f  the  industry  is  more evolved 
than  any of the Hoxalan Acheulian in d u s tr ie s  while being f a r  le s s  re fin e d  
than  the M ousterian proper of the  upper le v e ls  of the s i t e .  The c lo se s t 
p a r a l le l  elsewhere w ith  th e  industry  comnKîn to  both the Je rsey  caves i s  the 
in d u stry  o f Baker’s H ole, Kent (B urchell, 1956b) which a lso  occupied a 
p o s itio n  in  a sso c ia tio n  w ith downcutting in  a cold clim ate in  th is  case from 
the high le v e ls  o f Swanscombe (B urchell, 1952).
At i t s  maximum the  60 f t .  (18 m.) sea lev e l cu t in to  the rock platform  
of the 100 f t .  (50 m.) stage in  Guernsey ( a t  La Ramee and King George’s 
F ie ld s) and fu r th e r  eroded the base of the e a r l i e r  c l i f f  l in e  in  Je rsey  ( a t  
Mont Ju b ile e  and V e rc lu t) . During th e  cold period follow ing the  deposition  
of the 60 f t .  (18 m.) beach the sea lev e l must have fa lle n  a t  le a s t  58 f t .
(15 m.) below modem sea lev e l to  allow p a la e o lith ic  man and such beasts  
a s  mammoth to  have reached Je rsey  from the co n tin en t. The cold clim ate and 
s o li f lu c t io n  cleared  the old shore platform s of th e i r  deposits in  some areas 
and rep laced  the beach d ep o sits  w ith  head.
During th is  post 60 f t .  (IS  m.) beach episode (the  W olstonian o f 
B rita in )  the  g re a te s t incu rsion  of f l i n t  in to  the  Channel Islands area  
seems to  have occurred. The 60 f t .  (18 m.) beach has some f l i n t  in  i t  
(Mourant, 1933; E lh a î, I 963) bu t i t  i s  the 25 f t .  (8 m.) beach which has 
the g re a te s t amount of f l i n t  in  the is la n d s . Some o f th e  f l i n t  to o ls  in  
La Cotte de S t. Brelade were made from much la rg e r  f l i n t s  than any th a t can
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be seen in  the ra ised  beaches today, McBumey and Callow (1971) suggest 
th a t  a d e f in i te  c o r re la tio n  e x is ts  between the  percentage of f l i n t  (ag a in st 
lo c a l rock types) used by the in h ab itan ts  o f La Cotte de S t. Brelade and 
the onset o f the  Ipsw ichian in te rg la c ia l .  These au thors suggest th a t  the 
p rogressive  s u b s ti tu tio n  o f q u a rtz , d o le r ite  end. m icrogranite fo r  f l i n t  in  
the  h igher le v e ls  of the cave r e f le c ts  the submergence of f l i n t  g ravels  
formed on beaches below the present sea le v e l .  I t  i s  c e r ta in  th a t  sob»  o f 
the f l i n t  in  La Cotte came from beach sources because beach pebbles occur 
in  the occupation le v e ls  in  the cave but where the beaches were from which 
the  pebbles were se lec ted  i s  unlaiown.
Whether the  f l i n t  was introduced in to  the  isls.ads by f lo a tin g  ic e  o r  
by the erosion  of chalk which was brought in to  the  wave zone by the f a l l  
i r  sea le v e l i s  u n ce rta in . The source of f l i n t  was to  the north  o f the 
is lan d s  (see  Chap, IT and ta b le  Y ), as a re  both the  suggested o rig in s  fo r  
the f l i n t .  I t  i s  noteworthy th a t  M itchell and Orme ( I 966) in  th e ir  des­
c r ip tio n  of the P le istocene of the  S c illy  I s le s  s ta te  th a t  the ice  sheet 
which ovemrode j s r t  o f th ese  is lan d s  in  the Wolstonian was r ic h  in  f l i n t .
I t  i s  no t d i f f i c u l t  to  envisage icebergs from th is  g rea t g la c ie r  being 
d r if te d  up Channel to  deposit th e i r  loads of e r r a t ic s  (o f  which f l i n t ,  
being among the h a rd e s t, has survived d if fe re n tia l ly )  on beaches below 
presen t sea le v e l .  I t  would then only remain fo r  th e  r is in g  Ipswichian 
sea to  r e d is tr ib u te  th is  f l i n t  in to  the beaches which now appear a s  the 
25 f t .  (8 m .)  beach.
The presence o f pebbles o f Je rsey  rock types i n  th e  25 f t .  (8 m.) 
beach a t  Chouet in  Guernsey (see  above. Chap.IT) sjay a lso  in d ica te  some 
degree o f r o l l in g  of pebbles up the submarine slope by the tran sg ress iv e  
Ipsw ichian sea but the absence o f  th ese  Je rsey  stones in  ra ise d  beaches on 
Guernsey’s e a s t coast ( th e  n ea res t coast to  Jersey) poses a  p rob las i f  the  
fo re ig n  stones a t  Chouet are a c tu a lly  from Je rse y . I t  i s  possib le  th a t  
these  e r r a t ic s  a re  in  fa c t  from the north  and were brought by d r i f t  ic e
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ra th e r  than eroded from gravels s o lif lu c te d  from the present area of the  
is lan d s  on to  th e  dry  sea f lo o r  a t  periods of low sea le v e l.
As tîie aro ljaeological lev e ls  which succeed the  60 f t .  (13 m.) beach 
a re  themselves succeeded by Ipswichian deposits  ( in  La Cotte de S t. Brelade 
the  25 f t .  (0 m.) beach and in  La Cotte a la  Chevre a weatliering horizon) i t  
seems c le a r  th a t  they  are  upper Wolstonian in  age as  i s  the head which 
u n d erlie s  the ra ise d  beaches a t  the  s i t e s  s e t  out in  teb le  IV. The 60 f t .
( i s  m.) beach i s  on th is  evidence of e a r ly  or middle Wolstonian age.
e) Age and clim ate  of th e  25 f t .  (8  m.) beach
As described  above (Chapter 17) the 25 f t .  (8 m.) beach i s  by f a r  the 
most ex tensive  in  the is la n d s . A ll a u th o r it ie s  (Mourant, 1953? Zeuner, 1946; 
E lh a l, 1963» McBumey & Callow, 1971) are  agreed th a t th is  beach was formed 
in  the Ipsw ichian in te rg la c ia l*  and a l th o u ^  i t  has been suggested th a t  th e  
marine tra n sg re ss io n  continued to  the 60 f t .  (18 m.) lev e l (E lha l, I 965) ,  
th e re  i s  p ra c t ic a l ly  no suggestion th a t the  beaches a t  25 f t .  (8 m.) are 
anything but Ipswichian in  age.
As mentioned above, the 25 f t .  (S m.) beach is  the le a s t  d issec ted  of 
a l l  th e  beaches in  th e  is lan d s  which alone might In d ica te  th a t  i t  i s  the 
youngest. Also the  beach i s  the lowest in  th e  a l t i tu d in a l  sequence which 
( a f te r  Zeuner, 1945) should make i t  the youngest.
As -fâie 25 f t .  (8  m.) beach i s  th e  youngest in  th e  is lan d s  i t  i s  the 
most complete and f a r  more can be deduced of th e  clim ate and environmental 
conditions occurring  during the tim e of th e  beach’ s form ation than in  the 
e a r l i e r  p erio d s. What i s  known of the clim ate  o f the 25 f t .  (8 m.) beach 
in te rg la c ia l  in  the is lan d s  compares so c lo se ly  w ith  the  d e ta i ls  o f the 
Ipsw ichian in te rg la c ia l  in  B r i ta in  as to  leave l i t t l e  doubt on environmental 
grounds th a t  the 25 f t .  (8  m,) beach was formed In  th is  in te rg la c ia l .
* 7 a rio u s ly  described  by the au thors a s  th e  "Last* o r "Eemian" In te r ­
g la c ia l .
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In  Je rse y , the presence o f A stralium  rugosum in  th e  B elle  Hougue cave 
suggests a  s l ig h t ly  warmer sea than  a t  presen t fo r  the Ipswichian a s  th i s  
m ollusc’ s p resen t no rthern  lim it i s  the  Gironde (Baden-Powell in  Zeuner, 
1945a ) . The o th er spec ies  in  the B elle  Hougue cave a l l  occur in  the is lan d s  
a t  present 00 i t  la  posrib le  th a t  Astralium rugosum’s to le ran ce  has changed 
s l ig h t ly ,  although th e  presm co of warm In d ica to r spocies (the  p3nnts 
Acer Eionspessulanum, Bales minor5 and Emys o rb ic u la r is , the Pond T orto ise) 
i s  a c o n s is te n t f a c to r  a t  s i t e s  o f  Ipswichian age in  B r i ta in ,
The o ther f o s s i ls  a sso c ia ted  w ith  the 25 f t#  (8 m,) beach in  Je rsey  
a re  th o se  of Cervus elaphus jerseyensis#  This dwarf red  deer po in ts to  
cond itions of warmth and some f o re s t  cover. The dwarfing o f the  deer in d i­
ca te s  complete sep am tio n  from the m in land  population ( c f .  the Mediterranean 
"pony'* e lephants and d ra r f  hippos, Zeuner 1945? Kurten I 968) as would be 
exT>ected w ith the high sea le v e l .  No good po llen  bearing  deposits of 
Ipsw ichian age lave  been found in  Hie Islands but the lower complex In La 
C otte de S t .  Brelade i s  capped by a  s t e r i l e  s e r ie s  of d eposits  w ith  organic 
lay e rs  and a w eathering horizon in  which a very few pollen  g ra ins have been 
found. These pollen  g ra in s in d ica te  a cover o f mixed oak fo re s t but w ith 
a reas o f swampy a ld e r  c a rr  nearby (McBurney & Callow, 1971) • I t  i s  possib le  
th a t  some of th i s  p o llen , te n ta t iv e ly  held by the above au thors to  rep re­
sen t zones f  to  h / i  o f the Ipsw ichian, i s  redeposited  from a  lower pollen  
bearing  la y e r  of unknown ago fouM in  the lower complex of the cave. However, 
a mixed oak fo re s t  i s  the  v egeta tion  type which would be expected under 
in te rg la c ia l  cond itions in  Je rsey . The la rg e  a ld e r  element l a  the po llen  
diagram could e a s i ly  be provided by an Ipswichian equivalent o f  th e  marshy 
a rea  o f the Ouaisn© pond o f  today which i s  only  200 m. from La C otte . In  
v lw  o f  th i s  the lay e rs  w ith the ten p era te  pollen  wliich show evidence o f 
red ep o sitio n  zny merely rep resen t pene-contemporaneous eroslOTi o f the  in ter*  
g la c ia l  weathered horizon a s  the sea f e l l  from i t s  maximum le v e l .
O ther fe a tu re s  o f the Ipswichian clim ate can be deduced from examination
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of tii® beach d eposits  a t  Rousse in  Guernsey and th e  blown sands of S t .  
P e te r ’s in  J e rs e y . At Rousse the beach l i e s  w ithin th e  modem shore zone 
and supports la rg e  blocks o f g ran o d io rite  which a re  cemented in to  i t  (see 
P la te  44) * These blocks Imve been in te rp re ted  (E lh a i, I 963) as being 
due to  s o l i f lu c t io n ,  but a s  the ra ise d  beach i s  cemented around th e  base 
o f degraded s tac k s  and " to r" - l ik s  ta sse s  o f g ran o d io rite  ( ju s t  a s  th e  modem 
b#%oh i s )  i t  seems more lo g ic a l to  exp la in  Hie la rg e  blocks a s  merely storm* 
broken boulders which came to  r e s t  in  the  old beach a f t e r  being broken up 
by storm  waves frc^a tlie w est. This process i s  co n s ta n tly  occurring on the 
p resen t beach (see  G irard , I966) and suggests th a t  conditions in  idle 
Ipsw ichian were l i t t l e  d if fe re n t from those of th e  present where storms 
were concerned.
F u rther evidence th a t  the  wind d ire c tio n s  were s im ila r  to  those o f 
tho presen t du ring  tîie Ipswichian i s  found in  Je rse y . The aroa o f P le is ­
tocene b lc m  sand in  St* P e te r’ s p a rish  (see  imp, f ig .  kz)  I s  d i re c t ly  
c<xaparable in  i t s  downwind elongation  to  the  modem blown sand o f the 
Quennevais dun® system . The modem dunes o f S t. Cuea’s Bay were deposited 
by north-w est and sm tk -w est winds so the p i t to m  of blown sand d eposits  
appears a s  two a reas  of e longation  in  the north and south  of th e  bay and 
a ligned  downwind* (see  m p , f ig .  4 2 ). The outcrop o f  th e  Ipswichian blown 
sand occupies an  a rea  between th e  two "hctms" o f  the modem dur» system.
This perlmps in d ica te s  a  more due w este rly  component fo r  th e  winds in  tW  
Ipsw ichian.
At th e  end o f th e  in te rg la c ia l  tho  sea lev e l f e l l  only slow ly from I t s  
maximum* I t  seems probable th a t  a c ce le ra ted  erosi<n, i f  not f u l l  p e r ig la c ia l 
co n d itio n s, had s e t  In  w hile the sea was s t i l l ,  th o u ^  perhaps only l a t e r -
îfuch o f th e  dune system i s  dormant and s ta b i l is e d  by v eg e ta tio n  and 
l a s t  appears to  have been a c tiv e  in  Mediaeval tim es.
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n d tte n tly , reaching  i t s  h ig îiest le v e l. At Belcroute Bay h o riz o n ta lly  
hedded sands overly ing  the beach gravel become in creasin g ly  stony upwards 
u n t i l ,  4 f t .  ( 1.2  ffi.) above the top of the g rav e l, the  sand i s  rep laced 
by tru e  head. At P o r te le t  a s im ila r  sequence occurs w ith  a passage from 
beach sand up in to  f in e  grained head. Elsewhere, a t  L*Eree f o r  example, 
the head r e s t s  d ire c t ly  on top of the  beach gravel w ithout a  break. I t  
seems alm ost im possible th a t  sea lev e l could f a l l  and leave beach gravels 
open to  su b -a e r ia l w eathering f o r  long w ithout seme e f fe c t  being no ticeab le  
and as no such e f fe c ts  can be seen i t  seems to  follow th a t  p e r ig la c ia l 
a c tio n  was already  under way w hile the sea was s t i l l  reworking the ra ised  
beach. As soon as marine in fluences were withdrawn the beaches were over­
whelmed by s o li f lu c t io n  w ith l i t t l e  or no h ia tu s .
f )  Events p o s t-d a tin g  the  25 f t .  (8 m.) beach
As described  above, th e  f a l l  in  sea lev e l a t  the end o f 25 f t .  (8 m.) 
beach tim es i s  c lo se ly  asso c ia ted  w ith the onset o f  cold cond itions. I f  
i t  i s  accepted th a t  the  25 f t .  (8  m.) beach i s  Ipswichian i t  m ist follow  
th a t  th e  overly ing p e r ig la c ia l d ep o sits  a re  o f Bevensian age. Except a t  
La Cotte de S t. Brelade i t  i s  impossible to  subdivide the  Bevensian deposits  
o f the is la n d s . The small fauna they  contain  (Chapter I I )  i s  a fa c ie s  
fauna in d ic a tiv e  o f  co ld , open conditions but i s  not rep re sen ta tiv e  o f  any 
p a r t ic u la r  age. In  La Cotte the upper c u ltu ra l  le v e ls  con ta in  a  cold fauna 
(see Chapter I I  fo r  a faunal l i s t )  and a Mousterian industry , together with 
the remains o f Keandeirthal man. Both the human remains and th e i r  c u ltu ra l 
s tage are ty p ic a l  o f  an ea rly  Bevensian age before the advent of the  advanced 
Upper P a la e o lith ic  in d u s tr ie s  and Homo sap iens.
As mentioned above (Chapter I I ) the head i s  o f p e r ig la c ia l o r ig in  but 
no co n s is ten t horizons can be seen w ith in  i t  which can be re la te d  to  any 
p a r t ic u la r  s tra tig ra p h ie  s ta g e . The more lo ess ic  "tends in  th e  head repre­
sen t lo c a l s o lif lu c t io n  streams ra th e r  than any wider even ts. The l a s t  
event of the Bevensian in  the  is lan d s  was the  deposition  of a  th in  loess on
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the top of the th ic k  co as ta l head. Before th is  th in  lay e r could be re ­
d is tr ib u te d  T%r s o lif lu c t io n  the clim ate am eliorated and so a coherent lay er 
has remained preserved . The age of th is  l a s t  loess  f a l l  i s  u n certa in . 
S o lif lu c tio n  was a c tiv e  in  southern B r ita in  in  post-Allerj^d times (Kerney, 
Brown & Chandler, 19^4» P e rrin  e t a l , ,  1975) so th is  loess  may be dated to  
tiie end of zone I I I  times but th is  dating  i s  n e c e ssa rily  u n certa in  in  ttie 
absence o f any d a tin g  evidence.
I t  seems c le a r  th a t  in  the Bevensian, in  c o n tra s t to  the  Ipswichian 
(and the p re se n t) , the dominant wind d ire c tio n  over th e  is lan d s  was from 
the  n o r th -e a s t .  The loess i s  co n s is te n tly  banked ag a in s t north  and eas t 
fac in g  slopes and th in s  g re a tly  towards the west (see Chapter I I )  u n t i l  in  
the west of the  islands no lo ess  occurs. This p a tte rn  o f a  n o rth -e a s te rly  
d e riv a tio n  i s  e n t i r e ly  co n sis ten t w ith deposition  by a wind blowing o ff  
a g la c ia l  an ticyclone centred  over Scandinavia and such a p a tte rn  of loess 
deposition  has been described  i n  Germany and Czechoslovakia (Zeuner, 1945), 
Uormandy (Journaux e t  a l .  in  Pewe, 1965) und southern England (Coombe & 
F ro s t, 19565 W eir, C a tt & Madgett, 1971)#
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Part III
Chapter I .  The Hoxnlan of the Eln^liah Channel. Some c o rre la tio n s  and problems.
a) In tro d u c tio n
I t  has been noted in  P a rts  I  and I I  o f th is  th e s is  th a t  deposits 
ranging through a considerable p a r t o f the P leistocene are  p resen t in  
both Hampshire and the Channel I s le s .  No attem pt has been made up to 
th is  po in t to  date the  deposits  desp ite  the  varying amounts o f evidence 
w ithin  them. This i s  b es t done by reference  to  o th er s i t e s  showing 
s im ila r  c h a ra c te r is t ic s ,  in  o th er areas o f B rita in .
The types o f evidence used in  re fe r r in g  fea tu res  to  the Eoxnian 
can be e ith e r  organic o r geomorphological. C learly  organic depo sits , 
and in  some eases archaeo log ical evidence, give the best unambiguous 
dating  inform ation but s i t e s  w ith good organic sequences are ra re  and 
i t  has more o ften  been necessary to  f a l l  back on height evidence to  in d i­
ca te  the age o f d ep o sits . Both in  the Channel I s le s  and Hampshire, in  the 
absence o f organic remains heigh t evidence alone must be used. Comparison 
with s i t e s  w ith organic remains and a t  a  s im ila r  height may a s s i s t  the 
dating  o f these s i t e s .  Accordingly in  th is  chapter some s i t e s  dated by 
th e i r  included Ihuna and f lo ra  and f a l l in g  in to  the same heigh t range as 
the deposits  in  the  areas in  question , w ill  be examined and some corre­
la t io n s  made.
As some controversy has occurred over the exact heigh t o f the sea in  
the Hoxnian in te rg la c ia l  i t  i s  a lso  necessary to  consider s i t e s  outside 
the  h e igh t range o f the s i t e s  in  Hampshire and the Channel I s le s  which 
have been described as the 100 f t .  (30 te rra c e  o r beach in  Parts I  & I I .  
Some doubt has a lso  been cas t on the ex istence o f the Hoxnian as a  separate 
episode, and in  dating  deposits in  the a reas under examination in  th is  
th e s is  as  Hoxnian some reference w ill be made to  the s ta tu s  o f  the Hoxnian 
in te rg la c ia l .
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h) Hoxnian d eposits  In  Hampshire and the Channel I s le s
The Hoxnian deposits  o f the  Channel I s le s  and Hampshire a l l  occur 
between 80 ft#  (26 m# ) and I 30 f t#  (4o m# ) 0#D. As described in  P arts  X 
and I I  the d ep o sits  occur in  two groups a t  8O-IOO f t .  (26-30 m.) and 
above 100 f t .  (30 m,) .  In  Hacpshire two c le a r  te rraces  can be seen a t  
these h e ig h ts  while in  the Channel I s le s  the beach deposits can a lso  be 
divided in to  two groups. In  the is lan d s  the two groups o f deposits are  
un ited  by the  wide bench on which they l i e  and the f o s s i l  c l i f f  which backs 
them. The d eposits  con tain  l i t t l e  organic evidence in  e ith e r  area ( ju s t  
a few ro lle d  handaxes in  the ICX) f t .  (30 m.) te rra c e  a t  H ig h c liffe ) , so 
the only b a s is  fo r  th e i r  co rre la tio n  i s  th e i r  heigh t above sea le v e l,
0) Some se le c ted  Hoxnian s i te s  dated by o r^ n lo  means
I .  S lindon. Sussex. This s i t e  i s  im portant in  th a t  i t  i s  one o f the few 
s i t e s  in  B rita in  o f Hoxnian age In which ra ised  beach deposits  have any 
evidence fo r dating  beyond heigh t considera tions. At Slindon a  s im ila r  
double le v e l to  those in  the Channel I s le s  and fu rth e r  west in  Hampshire 
can be seen (Fowler, 19325 Oakley & Curwen, 1937} Dalrymple, 1937)# The 
h igher le v e l  reaches 135 f t .  ( 4 l .?  m.) and the lower ( in  Aldingbourne Park) 
90 f t .  (27.6  m .). The lower le v e l contains Clactonian implements and the 
h igher Acheulian handaxes. This suggests th a t  the lower deposit i s  the 
e a r l ie r  although le s s  re lian ce  i s  now placed on handaxes as "zone fo s s ils "  
than was the  case in  the past (see Wymer, 1974).
I I .  Swanscombe, Kent. Tliis famous s i t e  too has two d is t in c t  le v e ls  in  i t s  
te rra c e  deposits  (see Ovey, 1964 fo r a  summary o f  the l i te r a tu r e  on 
Swanscombe). 53ie lower s e r ie s  reaches 94 f t .  (28.9  m.) in  the  lower 
middle g ravel o f  B am field  P i t ,  while the upper s e r ie s  in  the same p i t  
(although c u ttin g  through a l l  e a r l ie r  deposits to  bedrock in  a  channel).
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reaches 110 f t .  (33.8 m.) a t  the top o f the upper loam*. As a t  Slindon 
the e a r l i e s t  dep o sits  are  the lowest (and Swanscombe has in  any case a 
s tr a t ig ra p h ic a l  sequence) and contain  a C lactonian Industry  (Wymer, 1968) 
while the h igher le v e ls  contain  an Acheulian in d u stry . Mammalian 
remains o f  Hoxnian type (S u tc l i f fe ,  in  Ovey 1964), a po llen  diagram 
s im ila r  to  the Hoxnian s i t e s  o f Clacton and Hoxne (Wymer, 1974), and a  
d is t in c t iv e  Hoxnian moUuscan fauna (th e  v as t l i t e r a tu r e  on the Swanscombe 
mollusca i s  summarised by Kemey, 1971) a lso  occur a t  Swanscombe.
I I I .  Nar V alley , Norfolk. This s i t e  contains e s tu a rin e  clays and s i l t s  
ranging up to  65 f t .  (21.5 m.) O.D. (Stevens, 1959) and deposited in
10 f t .  (3  m.) o f  w ater so the  top o f th i s  deposit reaches the heigh t range 
o f Swanscombe. (Rose, I 865, s ta te s  th a t  the c lay  reaches 80 f t .  (24.6 m.) 
making the maximum heigh t achieved by the sea 90 f t .  (27#6 m.) a t  l e a s t . )  
The Nar c lay  y ie ld s  a po llen  diagram comparable w ith th a t  a t  Hoxne and a 
ffiolluscan fauna with Hoxnian a f f i n i t i e s .  Despite the problems o f evalu­
a tin g  po llen  from marine deposits ( s e t  out by Stevens, 1939) the Nar clay  
i s  most l ik e ly  to  be Hoxnian with i t s  upper p a r ts  rep resen ting  the top o f  
the marine tran sg ress io n  id e n tif ie d  a t  o ther s i t e s .
IV. Kirmington. L inco lnsh ire . At Kirmington a  molluscan fauna and pollen  
bearing s i l t  occurs below t i l l  (W atts, 1939} C att & Penny, 1966) and 
conta ins C lactonian flak es  (B urchell, 1933)* The top o f th is  estu a rin e  
deposit reaches 90 f t .  (27.6 m.) O.D. and so f a l l s  in to  the height range 
o f  the o th e r Hoxnian deposits mentioned. I t  i s  po ssib le  th a t  the Kirming** 
ton e s tu a rin e  s e r ie s  reached above 90 f t .  as the t i l l  overlying i t  i s
* The H artford  Heath g ravels  reach I 36 f t .  (42 m.) and are  believed
by Chandler and Leach (1912) to  be associa ted  with the Swanscombe 
d e p o s its . Hinton and Kennard ( I 905) and Zeuner (1945) suggest th a t 
these  g ravels  r e s t  on a  higher bench than any a t  Hwanscoxobe and so 
a re  not p a r t  o f the Swanscombe sequence but e a r l i e r .
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formed la rg e ly  from reworked es tu a rin e  m a te ria l.
V. Speeton. Y orkshire. At Speeton c l i f f  north  of Flamborough a s h e ll  bed
contain ing  tem perate mollusca occurs a t  90 f t .  (27.6 m.) O.D. This
deposit i s  considered to  be Hoxnian by C att and Penny (1966). Although
*
i t  con tains no d iagnostic  species , i t  i s  o verla in  by th e i r  Basement 
t i l l  which they date as "Saale" (Wolstonian)# and so must be Eoxnian or 
e a r l i e r .
VI. C lacton. Essex. The foreshore s i t e  a t  Clacton i s  in  f lu v ia l  and 
e s tu a rin e  sedim ents. A ty p ic a l Hoxnian po llen  spectrum has been obtained 
from the s i t e  (Pike & Godwin, 1933} Turner, 1971) end a la rg e  mammalian 
and molluscan fauna has a lso  been co llec ted  from these deposits  (Warren, 
1933)* Clacton i s  a lso  the type s i t e  o f the C lactonian flake  in d u stiy  
(Oakley & Leakey, 1937} Singer e t  a l . ,  1973)* Unlike most o f  the  o ther 
Hoxnian marine and es tu a rin e  s i t e s  the  Clacton channel deposits  only 
reach 27 f t .  (8 .3  m.) O.D. although they contain  the same pollen  zone Ho I I  
as  the lower loam a t  Swanscombe which l i e s  around 80 f t .  (24.6 m.) O.D. 
(Wymer, 1974). I t  has been s ta te d  by Zeuner (1943) th a t  the Clacton 
channel d eposits  were la id  down in  an " in tra  -  Boyn H ill  ( s ic )  erosion 
s tage" which occurred in  the h ia tu s  between the lower and upper deposits
a t  Swanscombe and was marked in  the  B am field  p i t  by the weathering o f 
the surface  o f  the  lower loam. The presence o f the same pollen  zone a t  
Clacton and Swanscombe makes th is  in te rp re ta tio n  un lik e ly  and i t  i s  now 
widely thought th a t  the low a l t i tu d e  o f the Clacton deposits in  re la t io n
West (1969b) has described a lim ited  po llen  sequence from Speeton 
which has Ipswichian a f f i n i t i e s .  Nowhere e lse  i s  i t  suggested th a t 
the Ipswichian sea le v e l reached as high as 90 f t . ,  so an Ipswichian 
date seems u n lik e ly  fo r  Speeton.
to  those o f  o th er Eoxnian s i te s  i s  dne to  downwarping on th e  edge of 
the lorthL Sea basin* ( a e s t ,  1972) •
T U . Othier te r ra c e  s i t e s .  Many places above the t i d a l  l i s i t s  o f the  
IB in  r iv e rs  of soa them  England have s i te s  where handaxes and in te r -  
.g lao isl fannas Mve been found in  a sso c ia tio n  with, te rra c e  deposits  
about 100 f t .  (50 s . )  above the  p resen t r iv e r  (see %-xsr, I 968, f o r  a 
g a z e tte e r  o f s i t e s  in  th e  Thanes v a lle y , fo r  e san p le ). Many of these 
s i t e s  m y  be of Eoxnian age. However, most of these records are  from work 
conducted in  th e  l a s t  cen tu ry  and l i t t l e  modem palynolog ical inform ation 
i s  a v a ila b le  to  confirm  th e i r  d a tin g .
T i l l .  Lake s i t e s . Several po llen  spectra  cave been described from 
la c u s tr in e  sedim ents. While these  s i t e s ,  e .g .  Home (West, 1956); Mark’s 
Tey, Essex (Turner, 1970); E ech e lls , Birmingham (Buigan, 1956; K elly , I 964» 
Shotton & Osbcume, I 965) provide the b e s t preserved po llen  record and 
o ften  w ell preserved fa u m l and archaeo log ical r e m in s ,  they can only be 
co rre la te d  w ith  o th er s i t e s  w ith  organic m sa in s  and cannot be co rre la ted  
w ith te r ra c e  or ra ise d  beach d eposits  on h e i ^ t  or geoiaorphological grounds.
d) The problem of the Hoxnian sea lev e l in  w estern B r ita in
In  south-west England aM  southern Ire lan d  the  Hoxnian i s  th o u ^ t  to  
be rep resen ted  by a  ra ise d  beach a t  15-25 f t .  (4*6 - 8 m.) O.D. (Stephens, 
1971 ; M itch e ll, 1970 & 1972). The b asis  of th is  dating  i s  th e  r e la tio n ­
sh ip  of the ra ise d  beach to  overlying g la c ia l  and p e r ig la c ia l d ep o sits .
At Prenington and in  the S c i l l ie s  and widely on the I r i s h  coast the  
ra ise d  beach (described  by W ri^ t  and Muff, I 964, the  "p re -g la c ia l"  
beach) i s  said  to  be overla in  Isy t i l l .  This t i l l  i s  generally  thought to
* West and Sparks ( I 964) consider th a t  the Ipswichian s i t e  a t  S tu tton ,
15 m iles (24 km.) north  of C lacton, has been downwarped 30 f t .  (9 m.) 
r e la t iv e  to  the (presumably) s tab le  Sussex coast s ince th e  Ipswichian. 
Such downwarping fo r  the o lder Clacton deposits  i s  th e re fo re  not u n lik e ly .
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be o f Wolstonian ( in  Ire lan d , Mimsterian) age on the b a s is  of i t s  depth 
o f w eathering. At a few s i t e s  on the I r is h  s ide  the deposits  over the 
beach have y ielded  a sparse po llen  assemblage (see M itchell, 1970) o f 
G ortian (Hoxnian) age.
I t  i s  extremely d i f f i c u l t  to  reconcile  a f u l l  Hoxnian age fo r the 
high ra ise d  beaches described above and the r iv e r  te rra ce s  o f Thames 
and Solent w ith the deposition  o f  beaches as low as those described by 
M itchell and Stephens. Both cannot be o f f u l l  Hoxnian age unless 
te c to n ic  displacement has occurred and there  i s  no evidence fo r  t h i s .  
Recent work by Kidson and Wood (1974) and Bowen (1973) has re in te rp re te d  
some o f  these sec tio n s  where t i l l  o v e rlie s  ra ised  beach a t  low a lt i tu d e s  
and has enabled an a lte rn a tiv e  scheme o f dating to  be s e t  up.
Kidson and Wood (1974) conclude from th e i r  examination of the 
Fremington area th a t  th e re  i s  no evidence fo r the  existence o f a ra ised  
beach below the Fremington t i l l  so i f  th a t  t i l l  i s  Wolstonian in  age 
the beach exposures near the t i l l  shee t must post-da te  i t  and so be o f 
Ipsw ichian age. Bowen, 1973* suggests th a t many o f the s i t e s  in  southern 
Ire lan d  which show t i l l  overlying ra ise d  beach are a lso  showing an 
Ipswichian beach ov erla in  by Bevensian (Kidlandian) t i l l  on the grounds 
th a t  such d iffe ren ces  in  the t i l l s  which o v e rlie  the beaches are  not 
due to  th e i r  d if fe re n t ages but due to the t i l l s  a l l  being p a r t o f the 
same m u l t i - t i l l  sequence.
An a l te rn a t iv e  explanation o f  these low beaches buried by t i l l  may 
be th a t  the t i l l  i s  t ru ly  o f VJolstonian-Munsterian age but the beach i s  
dated to  a  phase w ell w ith in  th a t  g la c ia tio n  when the sea le v e l had 
fa lle n  from the Eoxnian high le v e l under the impact o f the build-up o f 
land ic e .  That the sea le v e l f e l l  to  a t  le a s t  around the  p resen t in  
immediately post-Hoxnian times i s  known f i r s t l y  from the buried channel
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below the  60 f t*  ( l 8 m.) te rra c e  a t  Hordle, secondly from the evidence 
o f the aggradation from around modern sea le v e l preserved in  the Channel 
Island  caves below the 60 ft*  (18 m*) beaches, and th ird ly  from the 
occurrence o f the cold, clim ate B ridlington Crag (C att & Penny, I 966) 
around O.D* below Wolstonian Basement t i l l  in  H oldem ess. The po llen  
described from head above the  ra ise d  beach in  Ire lan d  a t  such s i t e s  as F en it 
and Spa (M itch e ll, 1970) w ith i t s  su b -a rc tic  a f f in i t i e s  might then rep re­
sen t a  phase in  the VIolstonian-Hunsteriaa ra th e r  than the l a te  Hoxnian- 
G ortian age suggested by M itchell*
Examination o f  the s tra tig ra p h y  erected  by M itchell, Colhoun,
Stephens and Synge ( in  M itchell e t  a l# , 1973) fo r I re lan d , and by Stephens 
( in  Lewis, 1968) fo r  south-west England shows a lack  o f Ipswichian ra ised  
beaches. In  Ire lan d  only one lo c a l i ty  has been described (the  Shortalstown 
Marine sand -  Colhoun and M itchell, 1971) as being Ipswichian while in  the 
areas examined by Stephens only weathering i s  ascribed  to  the Ipswichian* 
and a l l  ra ise d  beaches are  assumed to  be Hoxnian.
In  view o f  the fa c t  th a t  the Ipswichian i s  genera lly  regarded as 
being the  " la s t"  in te rg la c ia l  and th a t i t s  deposits  a re  widespread e lse ­
where (see Sparks & West, 1972, chapter 10, fo r  a summary of the Ipswichian) 
i t  seems in c red ib le  th a t i t s  deposits should not be recognised in  Ire land  
and south-west England esp ec ia lly  when undoubted Ipswichian deposits are  
widespread in  the  Channel I s le s  which are  so close to  south-west England.
I t  seems most l ik e ly  to  the p resen t author th a t the evidence o f  a 
sea  le v e l  around 100 f t .  (30 m.) fo r  the Hoxnian from so many s i te s  (see 
above) cannot be d isputed . 3he low ra ised  beaches in  western B rita in  are
I t  i s  no tab le  th a t  in  Stephens* ta b le  11.1 (1968) the western areas 
examined by Stephens have no Ipswichian beaches in  them, while Somerset, 
which Stephens did not examine, has a f u l l  range o f Ip s^ c h ia n  deposits 
described .
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e i th e r  o f  Ipswichian age o r date from a period well w ithin  the  Wolstonian 
g la c ia tio n  when the sea le v e l had fa lle n  to  around the modern sea level#  
Given e i th e r  o f  these dates the low beaches o f western B rita in  cannot be 
considered to  be o f Hoxnian age#
e) C orre la tions between Hoxnian deposits and the areas under examination 
As mentioned in  the  in tro d u c tio n  to  th is  chap ter, c o rre la tio n  o f  the 
Channel I s le s  and Hampshire deposits  around 100 ft#  (30 m.) with the 
Hoxnian dep o sits  o f B rita in  must r e s t  on heigh t evidence alone in  the 
absence o f organic m aterial#  However, o f a l l  the  Hoxnian s i t e s  described 
in  sec tio n  c )  o f  th i s  chap ter, those which can be firm ly associa ted  with 
base le v e l a l l  show a  sea le v e l o f  around 100 ft#  (30 a . )  unless they are  
te c to n ic a lly  affected# This c le a r ly  allow s a c o rre la tio n  w ith the ICO f t .  
te r ra c e  o f Hampshire and the 100 f t .  beach o f the Channel I s le s .
Only a  few o f the Hoxnian deposits  described above reach above 110 f t .  
(33#8 m.) while both the 100 f t .  te rra c e  and 100 f t .  beach in  the areas 
under examination reach over 123 f t .  (37*7 m .). The co n tin u ity  of the 
two d eposits  around 100 f t .  in  the Cliaaanel Islands has been demonstrated 
above but the  lack  o f  the  h igher le v e l a t  many o f the B ritish  s i t e s  may 
suggest th a t  the h igher beaches and the higher p a rt o f the  100 f t .  te rra c e  
o f  Hampshire are  e a r l ie r  than Hoxnian. However, the presence o f Acheulian 
handaxes on the  surface o f the  h igher p a r t  o f the 100 f t .  beach a t  Slindon 
suggests th a t  the sea did reach over 120 f t .  (37*7 m. ) in  the  Hoxnian a t  
the maximum o f i t s  tran sg ress io n . As no handaxes are known in  B rita in  
before l a t e  Anglian times (Wymer, 1974) a  pre-Hoxnian age fo r the higher 
le v e l  a t  H&ndon and hence fo r the h igher le v e ls  o f Hampshire and the 
Channel I s le s  i s  unlikely#
The movement o f  sea le v e l in  the Channel during the Hoxnian can be 
summarised th u s? - (a) a r is e  from below 70 f t .  (21.5 m*) to  around 93 f t .  
(29 m.) w ith perhaps a  s t i l l s t a n d  a t  th i s  h e ig h t; (b) a continued r is e
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to  around 120 ft*  (37«7 m*) O.D. la te  in  the in te rg la c ia l ;  (c) a steady 
(o r perhaps slow ly fa l lin g )  sea lev e l during coo ling  a t  the  "beginning o f 
the W olstonian; (d) a f a l l  to  a t  le a s t  present O.D. in  ea rly  Wolstonian
tim es under the  influence of the "build-up of g la c ia l  ic e .
f)  The problem of the tru e  age of the  Hoxnian
In  some recen t papers (Page, 1972; Bristow & Cox, 1975; M itchell e t  a l . ,
1975) controversy has a r is e n  over th e  tru e  age of the Hoxnian in te rg la c ia l .  
Such proposals a s  those of Page seem most u n lik e ly  (see rep ly  to  Page by 
Shotton, 1973) and should perhaps be regarded as merely a lesson  in  the 
l im ita tio n s  of rad io-carbon d a tin g . The work of Bristow and Cox, however, 
i f  c o rre c t, throws the whole of the succession of th e  B r i t is h  middle and 
upper P le istocene  in to  d iso rd e r.
On the b a s is  of d e ta ile d  mapping o f p a rts  o f the chalky boulder c lay  
o f East Anglia (form erly t h o u ^ t  to  be two separate  u n its  o f  re sp ec tiv e ly  
Anglian and W olstonian age separated  by the Hoxnian in te rg la c ia l)  these 
au thors suggest th a t  the  Eoxnian in  r e a l i ty  belongs to  an in te rg la c ia l  
which con ta ins both i t  and th e  Ipswichian and th a t the  chalky boulder clay  
i s  a s in g le  t i l l  shee t of "Saale" age.
I f  Bristow and Cox a re  c o r re c t ,  the s ta tu s  o f th e  Eoxnian i s  changed. 
However, o ther p o s s ib i l i t ie s  as to  the dating  of the  s in g le  sheet o f  
chalky t i l l  and hence of the  Hoxnian do e x is t .
There has always been some doubt about the in te rg la c ia l  character 
of the  Hoxne type s i t e ,  because i t  i s  not o v erla in  by a convincing t i l l .
The ex istence o f th e  Acheulian industry  w ith in  i t ,  however, suggested a 
c le a r  c o rre la tio n  w ith  Swanscombe and so w ith  the "Great In te rg la c ia l"  
(Zeuner, 1959) • The suggestion of Bristow and Cox th a t  because no t i l l  
o v e rlie s  the  Hoxne la c u s tr in e  d eposits  the Hoxnian and Ipswichian are  
c lo se r  to g e th e r  in  time than  was h i th e r to  thought poses many problems.
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In the Thames v a lley  massive amounts o f erosion occurred between the 
deposition  o f the  deposits o f Swanscombe and the deposition  o f the 
Ipswichian Upper Floodplain te rra c e  (West In d iscussion  to Bristow and 
Cox), In Hampshire, between the undoubted Ipswichian o f Stone Point 
(West & Sparks, I 960) and the assumed Hoxnian of M ilford and H ig h c liffe , 
downcutting to  a t  le a s t  O.D,, an aggradation to  60 f t .  ( I 8 m*) and fu rth e r  
downcutting occurred. S im ilarly  in  the Channel I s le s  two episodes o f 
low sea le v e l and the deposition  o f the  60 f t .  ( I 8 m. ) beach separate  
the assumed Hoxnian le v e l and the Ipswichian 25 f t .  (8 m. ) beach.
To suggest th a t  the Ipswichian and Hoxnian are  not divided by a 
g la c ia tio n  may be s tra t ig ra p h ic a l ly  co rrec t in  East Anglia, but th is  does 
not prove th a t  they are  the product of one in te rg la c ia l .  The Nechells 
deposit (Duigan, 1956; K elly , 1964; Shotton & Osbourne, I 965) i s  overla in  
by a t i l l  o f Wolstonian age so g la c ia l  conditions occurred in  the Midlands, 
a t  l e a s t ,  in  post-Hoxnian tim es. The cold o s c il la t io n  suggested by 
Bristow and Cox to  account fo r  the occurrence o f su b -a rc tic  vegetation  
a t  the  end o f the Hoxnian (Ho IV) a t  î^ark’s Tey (Turner, 1970) and the 
beginning o f the Ipswichian a t  Bobbit’s Hole (West, 1957) i s  not s u f f i ­
c ie n t to  explain  e i th e r  the f u l l  g la c ia l  deposits a t  Nechells o r the 
amount o f post-Hoxnian, pre-Ipsw ichian d issec tio n  which occurs a t  mny 
s i t e s .
The most probable so lu tio n  to  the problem i s  h in ted  a t  by Bristow 
and Cox themselves in  M itchell e t  a l .  1973* p*12. Here, the authors 
suggest " th a t the cold period represented by g la c ia l t i l l  In  the  Midlands 
i s  p resen t in  East Anglia but not represented there  by a t i l l " .  This 
s itu a t io n  i s  not e n t ire ly  without p a r a l le l .  In  the Devensian the I r is h  
Sea ice  and Welsh ice  advanced much fa r th e r  south than the ice  in  the 
North Sea so th is  could have happened in  the Wolstonian a lso  (although i t  
i s  perhaps le s s  l ik e ly  as the Wolstonian ice  lim it  i s  much to the south 
o f the Devensian g la c ia l  maximum).
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I f  i t  i s  accepted th a t  the Hoxnian and Ipswichian are  separated by 
a g la c ia tio n  which did not produce ic e  sheets s u f f ic ie n t  to  cover south 
Norfolk and the a rea  to  the south , Bristow and Cox*a suggestion of a 
"Saale" age fo r  t h e i r  sing le  chalky boulder c lay  sheet can be re je c te d  
and an Anglian (as  used by M itchell e t  a l .  1973, Table I )  age becomes 
more l ik e ly .  Then a long period o f  tim e becomes av a ilab le  between the 
Hoxnian and Ipsw ichian fo r  downcutting in  the  Thames, the form ation o f 
the Coombe rock of E bbsfleet (B urchell, 1936b), the aggradation to  the 
60 f t .  (18 m.) te rra c e s  of the  Thames and Solent, and the post-60 f t .
(18 m.) cold clim ate of La Cotte de S t. Brelade to  occur.
Whatever the age of the chalky boulder c lay  o f  East A nglia, the 
presence on i t  o f the  g ravels  of the 100 f t .  (30 m.) "Boyn H ill"  te rrac e  
a t  the Hornchurch railw ay c u ttin g  (Wooldridge, I 96O) c le a r ly  suggests 
a pre-100 f t .  sea le v e l da te  fo r  a chalky boulder c lay  g la c ia tio n  and 
makes i t  a l l  the more l ik e ly  th a t  a  long period of time ( s u f f ic ie n t  to  
allow fo r  the downcutting described above) separated th e  Hoxnian and 
Ipsw ichian.
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Chapter I I .  The sep a ra te  e x is t e n c e  o f  a 60 f t .  (18  m.) sea  l e v e l  and
some c o r r e la t io n s .
a) In troduction
In both areas examined on the shores o f the Channel a w ell-defined 
te rra ce  o r beach occurs between the Hoxnian 100 ft*  (30 m.) le v e l and the 
Ipswichian 25 ft*  (8 m*) le v e l .  These deposits are te n ta tiv e ly  dated 
to  a period w ithin  the Wolstonian g la c ia tio n . However, the existence o f a 
separate  le v e l between the Hoxnian and Ipswichian le v e ls  has not found 
wide acceptance. Only S u tc l if fe  ( in  Ovey, 1964) has co n s is ten tly  argued 
fo r  such a separa te  episode. Tbe main evidence fo r  a separate  episode 
between the Hoxnian and Ipswichian i s  based on the mammalian fauna evidence 
from the  lower Thames and on morphological evidence. What l i t t l e  pollen  
evidence there  i s  fo r  s i t e s  a t  about th is  height suggests an Ipswichian 
age fo r  them. Zeuner (1945), while considering the 6o f t .  (18 m. ) le v e l 
to  be d is t in c t  from the 25 f t .  (8 m.) le v e l ,  re fe rred  them both to h is  
M onastirian and to  the "Last" in te rg la c ia l  ( I . e .  the Ipsw ichian).
b) Evidence fo r  a 60 f t .  ( l8  m.) beach and te rrac e  in  the areas
under d iscussion
As described above a w ell narked te rra ce  which reaches 6o f t .  (18 m.)
O.D. and caps an aggradation from a t  le a s t  modern sea le v e l occurs in  
south Hampshire. No organic remains except a few ro lle d  handaxes are 
assoc ia ted  with th is  te r ra c e . In  the Channel Islands the 60 f t .  ( l8  m.) 
beach i s  a lso  w ell marked and in  Guernsey p a r t ic u la r ly  occupies la rg e  areas 
in land  from the p resen t c o a s t. As in  Hampshire there  are  few organic 
remains asso c ia ted  with th is  beach except a t  La Cotte à l a  Chèvre where a 
lower P a la e o lith ic  horizon d ire c t ly  o v e rlie s  the beach d ep o sits . Such a 
close a sso c ia tio n  of archaeological m ateria l with a ra ised  beach i s  ra re  
and o f g rea t s ig n ifican ce  fo r  dating  the beach d eposit.
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c) Some probable s i te s  fo r the GO f t .  ( l8  rs.) beach and te rrace  in  B rita in  
Beaches and te rra c e s  a t  th is  heigh t are poorly described in  the 
l i t e r a tu r e  and a re  perhaps le s s  common than Ipswichian o r Hoxnian s i t e s .
I .  South-west England. S ite s  a t  60 f t .  ( l8  m.) receive a passing mention 
a t  sev era l p o in ts  in  the l i t e r a tu r e  on south-west England. Dewey (1935) 
describes a beach a t  60 f t .  near Mousehole, Zeuner describes a beach a t  
55 f t .  (14.3  m.) on Plymouth Hoe, and Green (1949b) s ta te s  th a t  the River 
Dart has a "50 f t . "  (15 o .)  te r ra c e .
I I .  P o rtland . The Portland beach (Baden-Powell, 1930) reaches an a l t i tu d e  
o f 55 f t .  (14.3 m. ) and may be a deposit o f the 60 f t .  ( l8  m.) s ta g e . I t s  
molluscan fauna shows a somewhat cold a f f in i ty  and i s  unlike the warm 
faunas which ch a rac te r ise  the Ipsw ichian.
I I I .  Gower. Recent work by S u tc lif fe  and Bowen (1975) has estab lished  th a t 
the w ell known s i t e  o f  Kinchin Hole in  Gower has two ra ised  beaches in  i t .
The lower of these two beaches a t  Kinchin Hole i s  Ipswichian and reaches 
about 39 f t .  (12 m.) O.D. The h igher which a lso  reaches 39 f t .  i s ,  however,
a low tid e  deposit o f sand so i t  po in ts  to  a sea le v e l perhaps 20 f t .  (6 .1  m.) 
h igher and so could be o f s im ila r  age to  the 60 f t .  (18 m. ) beaches elsewhere.
IV. I l f o r d . The m in  body o f  evidence fo r  the separate  ex istence o f a 6o f t .  
( l8  m.) te rra c e  occurs in  a te rra c e  o f the  Thames a t  I lfo rd .  On examining 
the mammalian faunas o f a v a r ie ty  o f s i t e s  in  the lower Thames, S u tc lif fe  
( in  Ovey, 1964) considers th a t c le a r  d iffe ren ces  in  these faunas can be 
seen. The th ree  te rra c e s  described by S u tc l if fe  ex h ib it the following 
faunal c h a ra c te r is tic s?
The Hoxnian in te rg la c ia l  (p rim arily  Swanscombe).
1 . Both Dicerorhinus k irchbergensia (JHger) and D. hemitoechus 
(Falconer) were p re sen t, the l a t t e r  being abundant a t  the end o f the 
in te rg la c ia l .
2 . The fallow  deer was a la rg e  race , Dama clactoniana (Falconer).
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3. The horse was present and became abundant la te  in  the  in te rg la c ia l .
4. Both hippopotamus and hyaena were apparently  absent.
The I lfo rd  d ep o sits .
1. D. hemitoechus g re a tly  outnumbers D. k irchbergensis.
2 . No fallow  deer occurs.
3 . The most abundant elephant i s  an ea rly  form of Mammuthus prim i- 
genius (Blumenbach) which i s  considered by S u tc lif fe  to  show a f f in i t i e s  
with the e a r l i e r  Mammuthus tro g o n th e rii (P oh lig ). N either o f these species 
occurs a t  Swanscombe or T rafa lgar Square. Small numbers o f Palaeoloxodon 
an tiques (Falconer & Cautley) occur, however.
4. Horse i s  abundant.
5 . Hippopotamus i s  e n t ire ly  absent.
6 . The bear a t  I lfo rd  i s  Ursus a rc to s  (Linné) while the bear a t
Swanscombe i s  Ursus spelaeus (RosenmUller & H einroth).
The Upper Floodplain te rra c e  (p rin c ip a lly  T rafalgar Square).
1 . D. hemitoechus i s  apparently  the  only species o f rhinoceros 
p re sen t. (This species i s  ty p ic a lly  Ipswichian and occurs a t  a v a rie ty  o f 
s i t e s  •  Zeuner 1945; S u tc lif fe  I 96O; Boylan 19&7).
2 . The fallow  deer p resen t was Dama dama (Linné).
3 .  The horse was absent (although ea rly  on in  the in te rg la c ia l  in
zones b and c ( IG and I  la )  o f Selsey horse does occur).
4 . Hippopotamus i s  abundant.
5 . Hyaena i s  abundant.
d) D iscussion o f the a^e o f the I lfo rd  te r ra c e .
As noted above the I lfo rd  te rrace  deposits  have a d iffe re n t 
mammalian fauna from e ith e r  the Hoxnian o r Ipswichian te rra ce s  In  the 
lower Thames. Whether th is  d iffe rence  i s  a r e a l  one and the re s u l t  o f a 
d iffe re n t faunal p a tte rn , o r  merely the r e s u l t  o f  some co llec tin g  o r 
p reserva tion  b ias  i s  open to  question . The evaluation  o f a few hundred
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bones from only a lim ited  number o f s i t e s  i s  a le s s  c e r ta in  method of 
dating a s i t e  than the s tr a t ig ra p h ic a lly  more p rec ise  approach o f pollen  
an a ly s is  and many o f the c o lle c tio n s  from these lower Thames s i t e s  were 
made in  the l a s t  century in  le s s  s c ie n t i f ic  and system atic ways than would 
now be considered necessary . D espite these ob jections c e r ta in  aspects 
o f the I lfo rd  fauna do seem to  be separate  from undoubted Ipswichian 
faunas. Most noteworthy i s  the absence o f hippopotamus. Almost a l l  
Ipswichian s i t e s  associa ted  w ith r iv e rs  or lakes show an abundance o f hippo 
remains (S tu a r t, 1974). In  the Thames both Brentford (Zeuner, 194$) and 
T rafa lgar Square (S u tc l i f fe ,  I 960) have hippo in  some numbers so i t  i s  
remarkable th a t  I l f o rd ,  a lso  a r iv e r  te rra c e  s i t e ,  should show no sign o f 
th is  mammal among such a  la rg e  faunal l i s t .
In  c o n tra s t to  the faunal evidence po llen  analyses from the I lfo rd  
area (West e t  a l . ,  1964; West, 19&9) show sp ec tra  s u f f ic ie n t ly  s im ila r 
to  those o f o th e r Ipswichian s i t e s  fo r  them to  be zoned in  the same way 
as these o th er s i t e s .  Aveley i s  considered to  show zone f  ( I  I lb )  of the 
Ipswichian w hile I lfo rd  contains zones b to  f  (IG to  I  l ib )  o f th is  in te r -  
g la c ia l .  The same zone which i s  p resen t a t  I lfo rd  and Aveley ( I  l ib )  also 
occurs a t  T rafa lgar Square, a t  Stone, S elsey , Bobbitshole (West, 1957)# 
Wortwell (Sparks & West, 1968) and Wretton (Sparks & West, 1970)* At a l l  
these s i t e s  except I lfo rd  and Aveley the zone I  l ib  deposits  are  near O.D. 
and covered by an aggradation which reaches only 30 f t .  (9 m.) &t maximum.
The te r ra c e  which covers the I lfo rd  s i te s  reaches nearly  to  50 f t .  (15 ®.)
O.D.
Another fa c to r  in  separating  the I lfo rd  s i t e s  (and o thers a t  around 60 f t .  
(18 m.) O.D.) i s  th e i r  seemingly coo ler c lim ate . I t  i s  w ell estab lished  
th a t  the Ipswichian proper had a warm clim ate , perhaps wanner than the 
p re sen t. Such p lan t species as Acer monepessulanum, Najas minor, S alv in ia  
natans and Trapa natans (Sparks & West, 1972); b ee tle s  such as the scarabs
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which dominate the dung b ee tle  fauna a t  Bobbitshole (Coope, 19?4); the 
warm mammals -  hippopotamus e tc . ;  warm clim ate mollusca (Corbicula f lu -  
ffiinalis, Belgrandia m arginata, Potamiola l i t t o r a l i s  in  r iv e rs  in  southern 
B rita in  -  Sparks & West, 1972) and ostracoda ( a t  Selsey -  Whatley & Kaye, 
1971) a l l  p o in t to  a clim ate i f  not warmer than the presen t a t  le a s t  more 
c o n tin en ta l, fo r the thermal maximum o f the Ipswichian.
The I lfo rd  mammalian fauna i s ,  however, considered by S u tc lif fe  to  
rep resen t an assemblage ty p ic a l o f a coo l, open steppe (the mamaoth, horse, 
bison and g ian t ox a l l  suggest open co n d itio n s). This i s  q u ite  out o f  
keeping w ith the in te rg la c ia l  fo re s t suggested by the pollen  diagrams but 
i s  more ty p ic a l o f the clim ate suggested by the cool mollusca a t  Portland 
(Baden-Powell, 1931) and the cool clim ate associa ted  with many s i t e s  o f 
Main M onastirian age in  Europe (Zeuner, 1959).
Ihe dating  by po llen  o f the I lfo rd  deposits as Ipswichian has led  
S u tc lif fe  (S u tc lif fe  & Bowen, 1974) to  suggest th a t  there  may be two 
in te rg la c ia ls  w ith a  s im ila r  po llen  spectrum. The th ree  known in te rg la c ia ls  
in  B rita in  (Cromerian, Hoxnian and Ipswichian) have diagnostic  pollen  
sp ec tra  (West, I 968) but th is  i s  no reason why a fourth  in te rg la c ia l  with 
a po llen  spectrum lik e  any o f the  o thers  should not e x is t  i f  i t  may be 
separated  from the known in te rg la c ia ls  on o ther grounds. In  the mammalian 
faunas and the heigh t d iffe ren ces , grounds fo r assigning the I lfo rd  deposits 
to  a separa te  episode between the Hoxnian and Ipswichian may e x is t .  Kurten 
(1968) i s  o f the  opinion th a t  a  separate  in te rg la c ia l  i s  represented by the 
I lfo rd  deposits  and he re fe rs  to  i t  as the " I lfo rd ia n " . I t  i s  probable 
th a t  the evidence in  the lower Thames alone i s  not ye t s u ff ic ie n t to  be 
c e r ta in  th a t the " Ilfo rd ia n "  i s  a  separate  in te rg la c ia l  but strong evidence 
in  the areas which a re  the ch ie f  concern o f th is  th e s is  suggest th a t 
d eposits  a t  a s im ila r  heigh t above O.D. to the I lfo rd  te rrace  do represen t 
a s ig n if ic a n t episode w ithin the Wolstonian g lac ia tio n  which may represent 
th i s  in te rg la c ia l .
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e) The &:ge of the  60 f t .  (18 m«) de-poslts in  th e  Channel I s le s  and
south Hampshire
As previously  described  a c le a r  60 f t .  (18 m.) "beach and te rra c e  can 
be recognised in  the areas under examination in  th is  th e s is .  No d ire c t  
evidence except height above sea lev e l can be used to  da te  th is  le v e l but 
considera tion  of the  archaeo log ical evidence from the Jersey  caves i s  of 
g rea t a s s is ta n c e  in  d a tin g  i t .  At La Cotte à la  Chevre the 60 f t .  (18 m.) 
beach is  o v erla in  by deposits  con tain ing  an ea rly  M ousterian in d u stry . 
D eposits con tain ing  an industry  id e n tic a l  in  a l l  s ig n if ic a n t resp ects  
a lso  occur as the lower complex of La Cotte de S t. B relade. These deposits  
in  the l a t t e r  cave a re  in  tu rn  cu t in to  by the  25 f t .  (8 m.) beach (see 
f ig .  25 ) .  From the th ickness o f the  dep o sits  and the  presence o f  cold
clim ate mammals i t  seems th a t  a s ig n if ic a n t cold period occurred between 
the  dep o sitio n  of the 60 f t .  (18 m.) and 25 f t .  (8 m.) beaches. This cold 
period must have been js-rt of the Wolstonian g la c ia tio n  as i t  seems to  have 
p re-dated  the 25 f t .  (8 m.) beach of Ipswichian age*.
In  Hampshire the 60 f t .  (18 m.) te rra c e  tops an aggradation from 
around modem sea le v e l in  the Hordle Channel. The deposits  o f  a s im ila r  
aggradation  can be seen below sev era l of the  60 f t .  (18 m.) beaches in  the 
Channel Is lan d  oaves. As th i s  r i s e  i n  sea lev e l seems to  be o f post- 
Hoxnian date  ( i t  i s  not asso c ia ted  w ith th e  100 f t .  ($0 m.) te r ra c e ) ,  i t  
i s  c le a r  t l ia t  th e  W olstonian g la c ia tio n  i s  s p l i t  in to  two p a rts  separated 
by the  60 f t .  (18 m.) beach and te r ra c e .
The M ousterian a r te fa c ts  of Je rsey  seem to  be s im ila r  in  many ways 
to  the f l i n t  in d u s tr ie s  of Baker’s Hole, Kent (B urchell, 1936b -  
described as  L evallo is  by him) and High Lodge, M ildenhall (Sieveking, 
1968) .  These in d u s tr ie s  a re  both dated as W olstonian.
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I f  the I lfo rd  deposits  are  pre-Ipsw ichian as suggested by S u tc lif fe  
the fa c t th a t  they occur a t  a s im ila r  le v e l to  the 60 f t .  ( l8  m.) beach 
and te r ra c e  o f  the  Channel coasts  suggests th a t they may be o f s im ila r  
age. The considerable width of the bench below the 60 f t .  ( l8  m.) te rrace  
in  Hampshire and the  p latform  o f the 60 f t .  (18 m.) beach in  Guernsey 
suggests an episode o f some leng th  fo r  the deposition o f these sedim ents, 
60 a mid-Wolstonian in te rg la c ia l  analogous to  Kurten*s " Ilfo rd ia n "  seems 
probable*•
Evidence from deep sea sediment cores (Shackleton and Opdyke, 1973) 
and so la r  ra d ia tio n  curves (the  "Milankovich" curve -  Zeuner, 1939) 
a lso  p o in t to  a  warm episode between p o in ts  on the curves id e n tif ie d  
as the Ipsw ichian and Hoxnian in te rg la c ia ls .  This episode i s  perhaps 
a lso  to  be id e n tif ie d  with the 60 f t .  ( l8  m.) sea le v e l.
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Chapter I I I ,  The Ipswichian in te r^ la c ia l  and the  25 f t .  (8 m.) sea le v e l .
a) In tro d u c tio n
I t  i s  genera lly  considered th a t the widespread 25 f t .  (8 m.) 
ra ise d  beaches and te rra ce s  a re  of Ipswichian age (West, I 968) .  In  
sev era l p laces te rra c e s  and ra ised  beaches a t  th is  height have been 
dated by po llen  an a ly s is  a s  Ipsw ichian (e .g .  T rafa lgar Square, Franks 
I 96O; Selsey, West & Sparks I 96O; Stone, West & Sparks I 96O, Brown e t  a l .  
1975) ;  but in  many a reas deposits  a t  25 f t .  (8 m.) e x is t  without any 
da tab le  m a te ria l in  them. D espite the claims of M itchell and Stephens 
(see above) th a t  a Hoxnian 25 f t .  (8 m.) beach a lso  occurs i t  i s  most 
l ik e ly  th a t  most of the 25 f t .  (S m.) beaches and te rra c e s  are Ipswichian.
b) The 25 f t .  (8 m.) beach and te rra c e  in  the Clmimel I s le s  and South
Hampshire
As described above the d eposits  of the 25 f t .  (8 m.) sea are  wide­
spread in  both  Hampshire and the Channel I s l e s .  The Stone Point deposits 
can e a s i ly  be c o rre la te d  w ith o ther Ipswichian s i te s  by ü ie i r  po llen  
content (see  above). Both in  the Channel I s le s  and Hampshire the 25 f t .  
( d m. )  d eposits  possess c e r ta in  o ther a t t r ib u te s ,  however, which make i t  
possib le  to  draw p a ra l le ls  w ith  o ther s i te s  of Ipswichian age and perhaps 
confirm  the da ting  of the s i te s  in  the area  under examination. I t  i s  
common fo r  the 25 f t .  (8 m.) ra ised  beach in  the Channel I s le s  to  be 
backed by an abandoned c l i f f  l in e .  Other s i te s  a lso  ex h ib it th is  fe a tu re . 
In  both  the Channel I s le s  and Hampshire s i t e s ,  Ipswichian deposits occur 
re s t in g  on e a r l ie r  P le istocene deposits  ra th e r  than on a rook-cut bench. 
This fe a tu re , though ra re , a lso  occurs in  p laces in  B r ita in  and i s  
Important fo r  considera tion  of the age o f the rock platform  on which the 
Ipswichian d eposits  l i e .  An examination of some n o n -a ltitu d in a l o r 
organic a t t r ib u te s  of some 25 f t .  (8 m.) deposits w il l  be attem pted to
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fin d  p a ra l le ls  w ith tlie Channel I s le s  and Hampshire sequences.
c) Some s i te s  dated as  Ipswichian and asso c ia ted  w ith aspects of the 
25 f t .  (8 m.) sea lev e l
Many of tiie c l i f f s  of the hard rock areas of w estern B r ita in  are 
c le a r ly  of pre-Ipsw ichian age (see Orme, I 962, fo r  a summry). Some of 
these c l i f f s  are s t i l l  being m odified by the  p resen t high sea le v e l but 
many are  abandoned and degraded.
I .  Sussex c o a s ta l p la in . The wide f l a t  below the chalk of the South 
Doims i s  backed by an an c ien t c l i f f  l in e .  The c l i f f  reaches i t s  eas te rn ­
most po in t a t  B righton (Smith, 1956; Hodgson, I 964) where a ra ise d  beach 
occurs a t  i t s  foo t and both c l i f f  and beach are  truncated  by the modern 
sea . This c l i f f  extends westwards to  Portsdown (palmer & Cooke, I 923) .
I I .  H oldem ess. A s im ila r  abandoned c l i f f  occurs inland of Holderness 
and continues southwards in to  L incolnshire (C att & Penny, I 966) .  Although 
much modified by g la c ia l  erosion , i t  s t i l l  preserves beach deposits below 
i t  a t  Sewerby and H essle. At the former lo c a l i ty  a mammalian fauna of 
Hippopotamus, Hyaena, S tra igh t-tu sked  Elephant and hemitoechus rhinoceros 
occurs (Boylan, I 967) and i s  considered to  confirm an Ipswichian date by 
C att and Penny ( I 966) .
I I I .  South-west England. In  south-west England such abandoned c l i f f s  are  
ra re  except in land  of modem construc tional fea tu res  such as Braunton 
Barrows (Stephens in  Lewis, 1970) but many o f the c l i f f s  being eroded a t  
th e i r  bases by the  modem sea a re  composite and have an upper le v e l which 
was formed during e a r l i e r  sea le v e l phases (Orme, 1962).
A second fe a tu re  o f the  Ipsw ichian deposits  o f the  Channel coasts i s  
the presence of e a r l i e r  P leistocene deposits  below the Ipswichian m ateria l, 
A small number o f deposits  of th i s  type a lso  occur elsewhere.
I .  Sewerby. Y orkshire. Althou#i the main beach exposure a t  th is  s i te  
r e s ts  on a bench cu t in  the chalk , to  seaward of the p resen t c l i f f  small 
pockets o f beach g ravel r e s t  on a  platform  cu t across Basement t i l l  (o f
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"Saale" I . e .  Wolstonian age -  C att & Penny, I 966) which in d ica tes  th a t 
some s o r t  of surface was cu t across  the clialk p r io r  to  the W olstonian.
I I .  West Angle Bay, Pembrokeshire. At th is  s i t e  Bowen (1973) describes 
a sequence of ra ised  beach re s t in g  on t i l l  which in  tu rn  r e s t s  on the 
rock p latfo rm . The beach i s  dated by Bowen as Ipsw ichian.
I I I .  S c i l ly  I s l e s . On S t. M artin’ s , M itchell and Orme ( I 966) describe 
a beach which they regard as Ipsw ichian re s tin g  on a Wolstonian t i l l  
which in  tu rn  r e s ts  on a lower ra ise d  beach and shore p latform .
IV. Selsey, Sussex. At many s i t e s  from Selsey west to  Porthleven in  
Cornwall, the rock platform  below the 25 f t .  (8 m.) beach has re s tin g  
on i t  so -ca lled  "g ian t e r ra t ic s "  (Kidson in  Gregory & R avenhill, 1970) 
which are  thought to  be the product of a  pre-Ipsw ichian g la c ia tio n .
Kidson considers th a t  the  e r r a t ic s  a re  s im ila r  to  those in  undoubted t i l l  
a t  Ibremingtcai and dates them as "Saale" ( i . e .  Wolstonian) in  age. However, 
s im ila r  e r r a t ic s  a lso  occur in  the Hoxnian beach a t  Slindon (Dalrymple, 
1957) so e i th e r  more than one g la c ia l  incursion  must have taken place or 
the  e r r a t ic s  are  the  product of a  pre-Hoxnian g la c ia tio n .
During the course of the p resen t study no evidence o f g lac ia tio n *
* Kellaway ( I 97I)  has recen tly  attem pted to  show th a t  in  Anglian 
tim es g la c ia l  ice  over-rode S alisbury  P la in  from the west and th a t 
an ic e  sheet flowed up channel to  deposit the "g ian t" e r ra t ic s  and 
in troduce the  e r r a t ic s  to  the Channel I s le s .  As Green has pointed 
out ( 1973) th e re  is  no need to  invoke g la c ia tio n  to account fo r 
the presence of "foreign" stones on Salisbury  P la in  and in  the 
gravels  of the Avon, as these  rock t^^pes can e a s ily  be explained 
as being derived from T e rtia ry  o u t l ie r s .  A lso, in  co n tras t to  the 
s i tu a t io n  in  the Thames v a lle y  where la rg e  r is e s  in  e r r a t ic  m ateria l 
in  r iv e r  gravels a f t e r  a g la c ia l  episode occur (Walder, 1967)# 
the Hampshire b asin  no such in flu x  of e r r a t ic s  can be seen a t  any 
le v e l in  the te r ra c e  succession.
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has been found on the shores of the Channel. As s ta te d  above the la rg e s t 
"foreign" stones found in  the Channel I s le s  were around 2 inches (5 cm.) 
long a x is  and do not w arrant the invocation of g la c ia l  ice  to  account fo r  
them. Larger e r r a t ic s  do occur in  Hampshire but only e a s t of M ilford on 
Sea and in  the area  stud ied  only blocks of sarsen have been found. As 
Reid (1892) p o in ts  out the overv/helming m ajority  of the Selsey e r ra t ic s  
are of lo c a l o r ig in  (being of Bognor Rock, Bembridge Limestone o r Sarsen) 
and f a r th e r  tra v e lle d  c ry s ta l l in e  rocks form only a sm all p a r t o f the 
t o t a l  of e r r a t i c s .  In  the f in e r  grades of the gravels west of Southampton 
Water no la rg e  fo re ig n  stone element occurs a t  any lev e l (see  ta b le s ) .  
T h is , w ith  Green’s (1973) ta b le s , shows c le a r ly  th a t  no p a r t of the 
Hampshire g ravels  can be regarded as outwash. However, f lo a tin g  ice  i s  
probably the  only medium capable of tra n sp o rtin g  such blocks as the 
la rg e s t  Selsey e r r a t i c s ,  but th e  only date which can be placed on th is  
episode is  pre-Ipsw ichian.
I f  the age of deposition  of these e r ra t ic s  could be found a 
miniimim age fo r  th e  shore p latform  could be suggested. Most a u th o r itie s  
(e .g . Kidson in  Gregory & R avenhill, 1970; Edmonds, 1972) are  content to  
date  the primary c u ttin g  of the p latform  as  Cromerian or lower P leistocene 
and a I m e r  P le istocene  d a te  seems most l ik e ly ^ .
In  B r i ta in  the end o f the  Ipswichian i s  o ften  marked by a  se rie s  of 
reg ressio n  d ep o sits , aeo lian  sands, slope washes and lagoonal s i l t s ,  
deposited  as the sea re tre a te d  from i t s  Ipswichian maximum.
On the evidence of the depth of downcutting a t  the  base of the 
pre-60 f t .  (18 m.) te rra ce  a t  Hordle the shore platform  could have 
been p a r t ly  retrimmed in  W olstonian I  tim es. The cold clim ate during 
th is  g la c ia l  period would perhaps cause f ro s t  a c tio n  to  a s s i s t  the 
sea in  breaking up the rock and so allow acce lera ted  trimming of 
the shore p latfo rm .
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I» V/esti.'irard Ho ! 3 Devon. Stephens ( in  Lewis, l^Jl)  describes a cemented 
beach d eposit w ith in  the modem beach. This i s  regarded by Stephens as 
Ipswichian and i t  may be a beach deposited  as  the  sea le v e l f e l l  witli 
the onset o f g la c ia tio n . The rock platform  a t  12 f t .  (3 .6  m.) O.D. 
described by Kidson ( in  Gregory & R avenhill, I 970) as being p resen t in  
south-w est England may a lso  be datable to  th is  episode.
I I .  Saunton, Devon. Kidson and Wood (1974) describe a th ick  blown sand 
overly ing  the  Ipsw ichian beach a t  th i s  s i t e .
I I I .  Sewerby, Y orkshire. Up to  25 f t .  (8 m.) of blown sand and rainwash 
o v e rlie  the ra ise d  beach a t  th is  s i t e  (C att & Penny, I 966) .  Boylan ( I 967) 
considers th a t  the absence of Hippopotamus remains in  the Sewerby blown 
sand, in  c o n tra s t to  th e i r  abundance in  the  ra ise d  beach g rav e l, marks a 
d e te r io ra tio n  in  the clim ate when the blown sand was deposited . Despite 
th is  c lim a tic  d e te r io ra tio n , however, the f a l l  in  sea le v e l would not 
have had to  have progressed f a r  fo r  blown sand to  have been deposited .
Under modern cond itions a t  Sewerby a sandy beach i s  exposed a t  h a lf  t id e
so a  f h l l  in  sea le v e l of only a few fe e t  would allow  blown sand to  accumulate.
Two s i te s  on th e  Normandy coast a lso  show reg ressio n  sediments of 
la te  Ipswichian age (West & Sparks, I 96O). Between S t. Come-des-Fresnea 
and Asne 1 les-B e lle -P lage  a s e r ie s  of marine deposits give way to  fre sh ­
w ater sediments w ith  a mmmalian fauna c h a ra c te r is tic  of cool steppe 
(^Wmmthus prim igenius, Coelodonta a n t iq u i ta t i s ,  Cervus s p . ,  Equus caba llu s . 
Bison p risons. Bos sp . and Canis lupus). The po llen  from th is  s i t e  i s  
c h a ra c te r is t ic  o f zone 1 ( l  17) of the Xpev/ichian and th is  in d ica tes  
th a t  the marine reg ressio n  had not re tre a te d  f a r  although the clim ate was 
q u ite  severe w ith  a fo re s t  of pine and much open ground.
d) Some c o rre la tio n s  w ith the  Charnel I s le s  and Hampshire
The fea tu res  o f th e  Ipswichian described above can be matched in  
Hampshire and the Channel I s le s .
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The abandoned c l i f f  i s  w idely present in  Je rsey  and Guernsey 
(see jGiaps, f ig s .  39 a.nd 40) .  As described above i t  i s  c lo se ly  associa ted  
with, the shore p latform  and was presumably cu t a t  the same time as the 
i n i t i a l  c u ttin g  of the platform*
The presence of pre-Ipsw ichian P le istocene m ate ria l in  the Chaiuiel 
I s le s  has been described in  P art I I ,  and a t  Stone Point in  P art I* The 
presence of th is  e a r l ie r  m ateria l s tro n g ly  in d ica tes  th a t the Ipswichian 
marine tra n sg ress io n  advanced over e a r l i e r  dep o sits  re s tin g  on a 
prev iously  cu t surface*
At the end of th e  Ipswichian the sea le v e l f e l l  slowly a t  f i r s t  and 
a  cold clim ate was w ell e s ta b lish ed  before the sea had f a l le n  much below 
O.P. The te r ra c e  g ravels over the organic horizon a t  Stone, the blown 
sands along Guernsey* s e a s t coast* and the lagoonal sediments a t  Hommet 
P a rad is , Guernsey,were formed as the sea f e l l  from i t s  in te rg la c ia l  
maximum. S im ila rly  the ancien t beach gravels w ith in  the modem beach 
a t  sev e ra l p o in ts  around the coasts  of th e  Chaînai I s le s  (see P a rt I I )  
a re  a lso  a  product of th i s  reg ressio n . As the clim ate increased in  
se v e rity  the  sea f e l l  w ell below the presen t and the beach deposits in  
the Channel I s le s  were covered by a th ic k  blanket of head.
The sea did not a t t a in  a le v e l as high as i t  did in  the Ipswichian, 
again . In  mid-Devensian times sea lev e ls  as high as *10m (-53 f t . )  have 
been suggested by Donovan ( I 962) .  No evidence o f such a  high sea lev e l 
in  post-Ipsw ichian  times has been found in  e i th e r  area examined in  th is  
study . As shown above the f in a l  d e s tru c tio n  of the Wight-Purbeck ridge 
d id  no t occur in  tlie Ipsw ichian and i t  I s  probable th a t  a  sea le v e l sorae-
* The extensive blown sands around S t. P e te r 's  Church in  Je rsey  are 
probably a  product of the f u l l  in te rg la c ia l  and did not form in  the 
end-Ipswichian reg ressio n .
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where near the p resent occurred in  mid-Devensian times to  help the 
breaching of the chalk b a r r ie r .  This marine tran sg ress io n  did not 
reach p resen t sea le v e l, hofever.
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Chapter IV. A summry of Middle and Upper P leistocene sea le v e l and c l lm te
in  the English Channel.
On the shores of the Channel pre-Hoxnian deposits  a re  sparse 
and only fragments of gravel te rra c e  or hare erosion surface rem ain.
I t  i s  most probable th a t  these surfaces were cu t during periods of 
high sea le v e l in  the lower P le istocene but no evidence fo r  dating  
them i s  a v a ila b le  beyond th e ir  height above p resen t sea le v e l .  Nothing 
i s  known about the clim ate under which these surfaces and deposits  were 
formed. Some a u th o r it ie s  date the e a r l ie s t  phases of tlie p resen t rock 
p latform  to  a lower P leistocene episode but th e re  i s  no evidence fo r 
th is  beyond the f a c t  th a t such a prominent fea tu re  must have taken a 
long time to  develop. I f  the c u ttin g  of the present day shore platform  
began in  the lower P le istocene i t  i s  probable th a t  i t s  c u ttin g  began 
during a  g la c ia l  episode. High sea lev e ls  a re  generally  believed  in  
fo r  th is  p a r t of the P le isto cen e  and a  major g la c ia tio n  would be necessary 
to  lower the  sea le v e l s u f f ic ie n t ly  to  allow platform  c u ttin g  near modem 
sea le v e l.
As shown above, in  ea rly  Hoxnian times the sea le v e l rose from a t  
le a s t  70 f t .  ( 22.7  m.) to  around 1)0 f t .  (40 m .). In  the areas under 
examination no d ire c t evidence is  av a ilab le  to  show a t  what stage the 
tran sg ress io n  reached i t s  maximum but po llen  inform ation elsewhere shows 
th a t  maximum sea le v e l was achieved la te  in  iiie in te r  g la c ia l . The onset 
o f cold conditions a t  the  end o f  the in te rg la c ia l  allowed the coarse 
g ravels o f the ”100" f t .  (50 m.) te rra c e  to  form and a f t e r  some time sea 
le v e l f e l l  to  a t  le a s t  p resen t O.D. and could have retrimmed any pre­
e x is tin g  low shore p latform .
The f u l l  depth of post-Hoxnian downcutting i s  unknown. At the close 
of W olstonian I  tim es a  r is e  in  sea le v e l to  60 f t .  (18 m.) O.D. occurred. 
The name I lfo rd ia n  i s  te n ta tiv e ly  s u ^ s t e d  fo r  th is  episode. Whether
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th is  period was a tru e  in te rg la c ia l  i s  u n ce rta in . The ex istence of a 
p o llen  diagram of in  te r  g la c ia l  type a t  I lfo rd  suggests an in te rg la c ia l  
clim ate but the cool faunas of o ther s i t e s  suggest a time w ith a  clim ate 
coo ler than any of the  th ree  known in te rg la c ia ls  so perhaps the I lfo rd ia n  
was a long in te r s ta d ia l .
In  W olstonian I I  times the sea le v e l f e l l  w ell below presen t O.D.
No d e f in ite  evidence of the  minimum sea le v e l of th is  time i s  av a ilab le  
bu t the presence of man in  Je rsey  suggests a  f a l l  in  sea le v e l to  a t  
le a s t  60 f t .  (18 m.) below the p resen t* . During the downcutting associa ted  
w ith th is  low sea le v e l th e  lower g ravel o f Stone was probably d issec ted .
At the end of Wolstonian I I  tim es the sea rose to  ju s t  above i t s  
p resen t le v e l .  There is  no evidence th a t  the  Ipswichian aggradation rose 
above the le v e l i t  a tta in e d  in  zcne I  I lb  ( in  the e a rly  p a r t  of the 
in te rg la c ia l) .  This i s  in  marked co n tra s t to  th e  la te  (zone I I I )  date 
fo r  the maximum of the Hoxnian tran sg ress io n . There i s  ample evidence 
tlia t the clim ate and sea tem perature in  the  Ipswichian were warmer than 
the p re se n t. In  o th er areas increased c o n tin e n ta lity  in,s a lso  been 
suggested a l th o u ^  the  evidence in  th e  Channel I s le s  suggests th a t  a 
s trong  w este rly  c irc u la t io n  a lso  occurred a t  tim es.
As a t  the  end of the  Hoxnian the onset of cold conditions d id  not 
cause an  immediate f a l l  in  sea le v e l and cooling was w ell advanced before 
the sea le v e l f e l l  much below the  p re sen t. During th e  maximum of the 
Devensian g la c ia tio n  sea le v e l may have f a l le n  up to  525 f t .  (100 m.) 
below the p resen t a l th o u ^  the maximum depth of downcutting known in  the 
a reas under examination is  only -91 f t .  (-27 .9  # . ) .  There i s  no evidence 
th a t  the  sea rose above the presen t during any of th e  known in te rs ta d ia ls
♦ P airb rldge (1961) suggests a minimum sea lev e l of -180 f t .  (-54 m.) 
fo r  the  penultim ate g la c ia tio n .
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in  the Devensian hut the d e s tru c tio n  of the Wight-Purbeck ridge argues 
fo r  a t  le a s t  one period of sea le v e l near to  th a t  of the p resen t in  
th is  g lac ia tion*  In  a t  le a s t  one o f the periods of the Devensian the 
clim ate was more co n tin en ta l than th a t  o f the p resen t and an e a s te r ly  
c irc u la tio n  predominated and brought loess to  the  Channel a rea .
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Appendix A
Method o f p:rainsige an a ly sis  followed in  analysing fine  prained sediments
The sample was separated in to  sm aller samples of 50 gm* Three of 
these 50 gm. samples were se lec ted  fo r  an a ly sis  and the r e s t  of each sample 
was s to re d . The samples to  be analysed were a i r  dried  and then placed in  
l i t r e  beakers and made in to  a so lu tio n  by the add ition  of 100 ml. of ^  
Calgon (Na^^P^Oy). The samples p lus the d ispersan t were placed in  an u l t r a ­
sonic bath  fo r  ten  minutes and then removed and made up to  1 l i t r e  by the 
ad d itio n  of d i s t i l l e d  w ater.
The l i t r e  of sample, d ispersan t and d i s t i l l e d  water was placed in  a 
1 l i t r e  s e t t l in g  column and in v erted  fo r  one minute. Sampling by means of 
a 20 ml. p ip e tte  a ttached  to  a simple suc tion  bulb was conducted a t  the time 
in te rv a ls  and depths shown below.
fo r over 64 mic. 58 s ec . 20 cm.
32 mic. 3 rains. 45 sec . 20 cm.
16 mic. 15 rains. 20 cm.
8 mic. 60 rains. 20 cm.
4 mic. 120 rains. 10 cm.
2 mic. 16 h rs . 30 rains. 20 cm.
Before each p ip e tte  sample was taken the tem perature of so lu tio n  was taken 
and fo r  tem peratures above o r below 20^0 a  depth co rrec tio n  was applied 
from the follow ing ta b le .
15°C 17.6 cm
16“C 13.1 cm
1?°C 18.6 cm
18°C 19.1 cm
19°C 19.5 cm
20°C 20.0 cm'
ZL°C 20.5 cm
22°C 21.0 cm 1
25°C 21.5 cm
24°C 22.0 cm
25*0 22.4 cm
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A fter the p ip e tte  samples were ex trac ted  from the so lu tio n  they were 
tra n sfe rre d  to  sampling dishes and dried  in  an oven u n t i l  a l l  the m oisture 
was removed* The weight of the sample dishes having previously been noted 
the combined weight o f the d ish  p lus the dried  sample was a lso  noted and 
ra ised  to  a percentage by use of the c a lc u la tio n :-
, sample weight x 100
=  "To~ x '|d ------------
The percentages ca lcu la ted  were then p lo tte d  as a cumulative curve.
The remaining amount of the o r ig in a l 50 gm. sample was washed out 
of the s e t t l in g  column through a  63 H (240 mesh) sieve and fu rth e r  washed 
under running w ater. This residue was a lso  oven dried  and weighed and 
ra ised  to  a percentage by use o f the c a lc u la tio n :-
% of sand fraction = fraction weight x 100
50
This method of an a ly s is  provides an adequate determ ination of the g ra in  
s ize  d is tr ib u tio n  o f a sediment. E rrors may occur a t  a l l  stages of the 
an a ly s is  but i f  a l l  samples are subjected to  the same treatm ent a f a i r  
comparison can be made and co n sis ten t r e s u l ts  obtained.
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59# The 25 f t .  (S m.) beach on the n o rth -eas t end of Burhou, Alderney.
40 . The low ra ise d  beacîi in  the Moulin Huet cave, Guernsey.
41. The 25 f t .  (8 m.) beach a t  la. B e tte , Guernsey.
42.  The 25 f t .  (8 m.) beach a t  Hommet P arad is, Guernsey.
43# The 25 f t .  (8 m.) beach a t  Hommet P arad is , Guernsey.
44# The 25 f t .  (8 m.) beach a t  Rousse, Guernsey.
45# The 25 f t .  (8 m.) beach a t  Chouet, Guernsey.
46. General view of th e  25 f t .  (8 m.) ra ised  beach a t  Rousse, Guernsey.
47. The 60 f t .  (18 m.) ra ise d  beach a t  Mont Cuet, Guernsey.
48. The shore platform  a t  D iv e tte , Guernsey.
49 . The 25 f t .  (8 m.) beach and head a t  L’Eree, Guernsey.
50. The 25 f t .  (8 m .)  beach and head a t  L’Eree, Guernsey.
51. General view of the  quarry a t  Les Tardes, Guernsey.
52. Gravel o f the  100 f t .  (50 m.) beach a t  Les Tardes, Guernsey.
55. Gravel o f th e  100 f t .  (30 m.) beach a t  Les Tardes, Guernsey.
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Tables
I .  Granulometry and composition d is tr ib u tio n  of the south 
Hampshire g rav e ls .
l a .  Solent gravels (3•5-6.3  mm.).
I I .  Some suggested co rre la tio n s  fo r  the  P leistocene o f south 
Hampshire.
I I I .  Some suggested c o rre la tio n s  fo r  the  P leistocene of the 
Channel I s l e s .
IT. L o c a litie s  where head occurs below the 8 m. beach.
T. Composition of Channel I s le s  ra ised  beaches.
T I. L is t of s i t e s  in  the Cliannel Islan d s fo r  the 60 f t#  (18 m.)
ra ise d  beach.
F ig . 1 . The main terrace stages o f south Hampshire
The map ( f ig .  l )  i s  based on inform ation from Green 
(1946), Everard (1954b) and Sealy (1953)# The 70 
and 50 f t*  stage i s  in troduced to  allow the in co r­
p o ra tio n  of the in term ediate te rra c e s  o f Green and 
Everard which are  defined as being a t  d iffe re n t 
he ig h ts  by the authors*
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F ig. 2 . The Solent River
The former l in e  of the S o len t River a f te r  
Everard (1954b)*
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F ig , 3» The Solent River
The Solent River a f te r  Reid (1902b) s l ig h t ly  
amended by the p resen t au th o r.
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P ig . 4 . The minor drainage of the Kaw Foreat and the 
main te rra c e  le v e ls
The broken l in e s  in d ic a te  the  maiin te r ra c e  le v e ls  
and mark the h ighest p o in ts  of each te r ra c e  su rface . 
The poorly developed nature  of the drainage net 
and the adjustm ent to  the maximum slope o f the 
te r ra c e s  below I 50 f t .  (4 $ .?  m.) i s  c le a r ly  in d ic a te d .

F ig . 5* The lower te rra c e  s tag es  of south  Hampshire 
( a f te r  Everard. 1954b/
Note the d iv is io n  in to  f lu v ia l  nnd marine stages 
I s  suggested by Sverard bu t i s  not followed by 
the  p resen t au tho r.
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F ig . 6 . Current bedding s tru c tu re  d lreo tio n a  in  aouth 
Hampshire
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F ig . 7* Composition analyses of the g ravels  of south Hampshire
Sampling s i t e s  are in d ica ted  by the p o s itio n  of the d o ts . 
Two numbers over a  dot denote a  sample from the base 
o f the  g ravel and a sample from 3 f t .  ( l  m.) above the 
base of the g ra v e l. For a c tu a l counts of stones see 
Table 1 .
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Fig* 8* G ralnsize an a ly s is  of se lea ted  b ric k e a rth s  from 
south HajnpsMre compared w ith brickearthjs from 
o th e r p a r ts  of southern Sn^land
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F ig . 9* G rainsize an a ly sis  of se le c ted  b r ic k e a r th i from 
south  Hampshire. Devon. Kent and Sussex -  
cumulative curves
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F ig . 10. S elected  p ro f ile s  of the minor streama o f the 
Mew F orest
The cross  p ro f i le s  show the g rea t in c is io n  of the 
lower reaches o f these stream s below th e i r  elbows 
o f cap tu re .

Fig* 1 1 . G eneral map o f  the Stone P o ijit  area  sh o v in g  the  
su r fa c e  o f  th e  23 f t .  (8  m .) te r r a c e  and th e  
exp osu res o f  T e r t ia r y  rocks below  th e  g r a v e ls  
o f  t h i s  t e r r a c e .
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P ig .  12• The i n t e r g l a c i a l  d e p o s it s  a t  S tone P o in t . The
map shows th e  lo c a t io n  o f  t e s t  p i t a .
(Note: the small area  marked P ig .  2 i s  portrayed 
in  f ig .  14 o f th is  th e s is .)  From Broi-ra e t  a l .  1975*
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F ige  15* S e c t io n s  t h r o n g  th e  I n t e r g la c la l  d e p o s i t s  a t  
Stone P o in t .  The l i n e s  o f  s e c t io n  a r e  shown 
on F ig ,  14» (From Bro^/m e t  a l .  1975#)
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F ig* 14• The i n t e r g l a c i a l  d e p o s i t s  a t  Stone P o in t , a map
o f  th e  p e a t ex p o su re . Key as fo r  f i g .  15 e x cep t  
p ea t i s  marked a s  a b la c k  s t ip p le  r a th e r  th an  
s o l i d  b la c k . (From Brown e t  a l*  197371
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F ig . 15 . The p i t s  in  th e  100 f t .  (3 0 60 ._ft,
(18  m .) t e r r a c e s  a t  B l a c k f i e ld ,
Esso oil refinery
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250 500 750m 
440 88oyds
Possible eyot of Tertiary sand projecting through the gravel. 
(The dots at each end of the dashed line indicate actual 
outcrops of the sand).
Arrows indicate current bedding directions.
Spot heights in feet above O .D .
'A' indicates the position of an Acheulian handaxe.
F ig . 16é The p i t s  in  th e  23  f t .  (8  m .) te r r a c e  a t  P enn ington  ,
] E f î o i ^
N.pitldisused)
Lower Pennington
/
Large
sarsens
Arrows 
indicate current 
bedding direction
Woods r^
Spot heights in feet 
above O.D.
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Pig, 17• A composite north-soTith sec tio n  through the
p itg  in  the 23 f t .  ( s  m. j te rra c e  a t  Permin.Tton .
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F ig . 18. A sec tio n  across the forroer buried  channel 
below the 60 f t .  (iB m.) te rra c e  a t  Hordie.
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Fig, 19» Height l im its  of ra ise d  beachea end te r ra c e s  
in  the Channel area a f t e r  various au th o rs.
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Fig* 20. An id e a lise d  sequence showing the re la tio n sh ip
between c lim ate , sea le v e l and f lu v ia l  deposition  
during in te rg la c ia la
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F ig , 21. A sequence of c ro ss-sec tlo n a  to  ghow the manner of
f lu v ia l  deposition  In  g la c ia l; and in te r^ ls c ia ls
and the mode of form ation of r iv e r  te r ra c e s .
Stage I  Late G lac ia l V egetation ( Open but in creasin g
3©a le v e l : R ising
Climate : Warming
Streams deposit coarse eauad and 
aggrade th e i r  courses w ith the 
r is in g  sea le v e l .
Stage I I  F u ll In te rg la c ia l V egetation * Climax
Sea le v e l  : S tab le
Climate : C lim atic optimum
Streams deposit only finegrained
sedim ents.
Stage I I I  Late In te rg la c ia l  V egetation : F o rest gives way to
more open conditions 
Sea le v e l  % S tab le
Climate : Cooling
Increased  ru n -o ff  causes stream s to  
out l a t e r a l ly  and deposit g rav e l.
Stage IV E arly  G lac ia l V egetation J Park tundra
Sea le v e l  s F a llin g  f a s t
Climate : Cool becoming cold
F a l l  in  sea le v e l causes stream s to  
begin c u ttin g  buried  channel, 
B rickoarth  deposited  possib ly  by 
overbank flow .
Stage V F u ll G lac ia l V egetation 
Sea le v e l
Climate
F u ll  tundra 
S tab le  a t  g la c ia l  
maximum 
F u ll g la c ia l
Stage VI F u ll In te rg la c ia l V egetation t Climax
Sea le v e l i S tab le
Climate ( C lim atic optimum
Previous buried  channel f i l l e d  to
new in te rg la c ia l  base le v e l and 
sediments of previous in te rg la c ia l  
l e f t  as  te r ra c e s .
trs-s
II
IV
V
VI
o°
Brickearth Gravel
inter-glacial alluvium [_ J 
& organic deposits
W ater level
Sand
P ig . 22. The stra ti,? raphy  of c e r ta in  s i te s  in  B r ita in  where 
25 f t .  (8 in.) bea.ch or f lu v ia l  deposits  overlET 
e a r l i e r  P le istocene  sediments .
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F ig , 23, The strati>?raphy of s i te s  in  the Channel I s le s  
where 23 f t .  (8 m.) beach gravels o v erlie  head .
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Fig . 24 . N orth-south sec tio n  through the 23 f t .  (8 m.) 
beach dep o sits  in  P o r te le t  Bay, J e r s e y .
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(N ote: th e  weathering* su r fa c e  sep arates th e  upper 
com plex (h e v en sia n ) from th e  low er com plex  
(W o ls to n ia n ) , )
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F ig , 2 6 . S e c t io n  through La Cot,t e  à la  C hevre, J e r s e y .
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F ig .  27 . S e c t io n  o f  a " W o - s t o r e y  ma. cave  oonta.in3.ng a 
oO f t .  f i s  m.y befctcli d e p o s it  mid a  25 f t #  ( 8 m .) 
wave n o to ll. The s e c t io n  i s  a com p osite  o f  
s e v e r a l  cavea on th e  n ortU -w est co a a t o f  J e r s e y .
-20m(65ft)
-10m  (32ft)
—5m (16ft)
—mean sea level
granite granite
'—  wave sm oothed notchcem ented 18m beach
 wave sm oothed notch
modern cave fill— , 
(no bottom visible) I
seaward extension of 
cave as a gully in 
the rock platform
Fig* 28* Section throuf^  the two ra ise d  beaches a t  
Ferpmin ( w  359763) ,  S^iierneey J
metres feet 
7 9 -26
7 3 -24
6-7  -22
6*1 -20
5 5  -18
:h ^ S S ^ c
Shore platform cut 
in weathered gneiss
b - P . ' o
Lower raised beach 
Head
Upper raised beach 
Upper raised beach sand
Fig. 29 . Section through the 23 f t .  (8 m.) ra ise d  beaoh 
on the south side of J e th o u ,
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Pig* 30 . N orth-south sec tio n  across c e n tra l Guernsey showing
the 100 f t ,  (30 m.) and 60 f t*  (18 moV ra ise d  beaches.
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Fig* 31. E a s t-w e st  s e c t io n  a c r o ss  p a r t o f  so u th -w e st
G uernsey showin.^ th e  r e la t io n s h ip  o f  th e  23 f t , 
(8  m .) ,  ëo f t .  (18  m*) and 100 f t ,  (30  m .) 
r a is e d  b e a c h e s .
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P ig ,  32• E a s t-w e st  s e c t io n s  a c r o s s  n orth ern  G uernsey show ing  
th e  r e la t io n s h ip  o f  th e  23 f t ,  (6  m .) ,  60 f t .  (18  m .) 
and 100 f t ,  ( 3 0 m .)  r a is e d  b e a c h e s .
(N ote: both  th e se  s e c t io n s  are drawn from p a ir s  o f  
superim posed p r o f i l e s . )
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F ig , 33. The Moulin Huet cave, Guernsey (W  330732) 
shcRfing 25 f t ,  ( b m.) and 60 f t .  (18 m,)
ra ise d  beaches.
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F ig . 54. The sec tio n  in  23 f t .  ( 8 m . )  ra ise d  beach and head 
on the south-»west side of Lon^gis Bay, Alderney,
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P ig . 33* The hei,?ht r a n ^ s ^  o f  Channel I s l e s  r a is e d  beach es
Key to  s i t e s
Jersey
1. *St. C lem ents (WV 686473)
2 . *Sonth H i l l ,  S t .  H e l le r  (WV 652477)
3 . *C otte  à  la  Chèvre (WV 554566)
4 . * I le  A g o is  (WV 597557)
5 . *Snow H i l l  (wV 655484; and. F ort Regent Ttm nel (WY 655481)
6. *Le P in a c le  (WV 545555)
7 . Mont J n h ile e  (WV 575514)
8. *Verclut (W  699477)
9 . Cave a t  La Saline (W  63I 562)
10. Cave a t  Piémont (WV 558565)
11. B elcroute Bay (WV 607482)
12. Noirmont Point (WV 6O9469)
15. P o r te le t  Bay (WV 6OO47I)
14. La Cotte de S t. B rela d e  (WV 593475)
15. B ou illy  P ort (WV 518480)
16. Corhiere (wV 553481)
17. Sale Harbour (WV 705542)
18. Bonne Huit Bay (WV 642559)
19. H e  Agois (W  597557)
20. G iffard  Bay (wV 649559)
21. Le Sauchet (WV 693549)
22. B elval Cove (W  710527)
23 . Bouley Bay (W  669549)
G uernsey
24 . "Mirus” B a tte ry  (WV 264781)
25 . Mont Saint (WV 272789)
26 . King*8 M ills  (WV 29I 786)
27.* Vale M ill (WV 354824)
28. Les Vardes (WV 317825)
29. Le V illocq  (WV 308798)
30. Mont Cuet (’WV 334840)
31. Port Le Marchant (WV 350844)
32. *La Moye (V/V 355835)
33. Paradis (WV 359830)
34. La Rochelle (WV 357834)
35. Le Peugre (WV 5028O9)
36. King George’s F ie ld s  (WV 314802)
37. La Ramee (wV 325799)
38. *Anneville (WV 322812) -  Les Capelles (WV 324813)
39. Pleinheaume (WV 3I 88I 8)
40 . C a illo te ri©  (WV 315824)
41 . La Pomare (WV 260770)
42 . Les Adams (WV 780258)
43 . Les Rouvets (WV 264785)
44. *Moulin Huet (WV 330755)
4 5 . R ousse (WV 324834)
46 .  *Gi*ande Rocques (W  298819)
47 .  P ort I n fe r  (WV 508822) -  P o rt S o i f  (W  314821)
4 8 . Vazon (WV 284802)
4 9 . F ort Honffiiet (WV 285305)
50 . F ort Le Crocq (V/V 270797)
51 . % o u e t  (WV 534841)
52 . *L 'A ncrasse (W  349841)
53 . M ie l le t t e  (WV 559834)
5 4 . Spur P o in t  (W  349807)
5 5 . L 'E ree (WV 249785)
56 . C a tio ro c  (C hin Chon) (WV 260789)
57 . P e r m in  (WV 539763)
58 . L iv e t t e  (WV 542753)
59 . S t .  M artin ’ s P o in t  (W  344748)
A ld ern ey
60 . W h itega tes  R ailw ay C u tt in g  (WA 596088)
6 1 . B ib e t te  Head (WA 58909I )
62 .  C o r b e le ts  Qparry (WA 596089)
63 . L ongis Common (WA 6OIO64)
64 .  L on gis Bay (WA 596080)
65 . La Grande P o l ie  (v/A 605O85)
6 6 . Queanard Quarry (WA 604O89)
67 . C a t 's  Bay (WA 60509I )
6 8 . Clonque (WA 555075)
69 . Hannaine Bay (WA 557073)
70 . F ort T ou rg is  (WA 562079)
71 . B ib e t te  Head (WA 589090)
72 . Burhou ( e a s t  end)
Heights Barked thus * a re  from C o llenette  ( I 9I 6) or 
Mourant (1935). O thers estim ated in  the f ie ld  from 
spot heigh ts or contours on the s ix  inch map or 
measured from high w ater mark by tap e .
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Fig . 56. G rain -size  d is t r ib u t io n  of nomn Channel Is le ; 
loess d ep o s its .
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P ig , 57* The com position of the  25 f t .  ( 8 m, )  ra ise d  beach 
in  the Channel  I s l e s .
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Pig* 38*, The Channel I s le a  -  lo c a tio n  map (p o ck e t).
F ig . 39. Guemeey -  lo ca tio n  cap (p o ck e t).
P ig , 40. Je rse y  -  lo ca tio n  m p (p o ck e t)*
P ig , 41 . In te rf? lac ia l a i te a  in  B r i ta in ,  (C h iefly  from 
. M itchell e t  a l ,  1973.V {Pocket).
P la te  1. A panoramic view, looking e a s t ,  across  the 
surface of the 60 f t .  (18 m.) te r ra c e  near 
S t. Leonard’ s Grange (SZ 400977)*

P la te  2. The view south from SZ 402977 near S t. Leonard’s 
Grange showing the surface of the 60 f t .  (18 m.) 
te r ra c e , w ith i t s  coarse g ravel showing up w ell on 
the ploughed f ie ld  in  the foreground. In  the 
middle d istance the 25 f t .  (8 m.) te rra c e  occurs 
w hile in  the d istan ce  can he seen the Solent and 
the I s le  of Wight.
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P la te  3* Hengistbury Head and the mouth of the Avon,
showing the 100 f t .  (50 m.) le v e l on the summit 
of the h i l l  and the 60 f t .  (18 m.) le v e l forming 
an extensive f l a t  below the  main summit.
I
P la te  4o View down-stream from Boldre Bridge (SZ 520985)
on the Lymingrfcon River showing the lack  of te rra c e s  
w ith in  the in c ised  sec tio n  of the lower Lymington 
R iver. The steep  slopes covered w ith veg e ta tio n  
r i s e  d ir e c t ly  to  the surface of the 100 ft*  (50 m.) 
te rra c e  of the Solent from the modern flo o d p la in .

Plate 5» View upstream from Boldre Bridge (SZ 320985) on 
the Lymington River showing the steep sides of 
the valley and its narrow floodplain.

Plate 6. View down-stream from Balmer Lavm (SU 30505I) on 
the Lymington River showing the wide open vsdley 
form above the elbow of capture.
I
P la te  7* View down-stream from B a ile y 's  Hard (SU 395014) 
on the Beaulieu River showing a fragment of the 
25 f t .  (8 m.) te rra c e  of the Beaulieu River and 
the  slope break of the b lu f f  r is in g  to  the fo res ted  
100 f t .  (50 m.) le v e l on the sky line .

P la te  8. The steep  v a lle y  sides r is in g  to  the surface 
of tlie 25 f t .  (8 m.) te rra c e  and the peaty 
v a lley  i n f i l l  of the c lim a tic  m is f it  v a lle y  ju s t  
to  the west of K elson 's Place (SU 470001)» The 
p resen t stream  in  th is  v a lle y  flows in  an a r t i ­
f i c i a l  channel.
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P la te  9* Pennington west p i t  (SZ 308930) looking e a s t
showing the g ravels of the 25 f t .  ( 8 m. )  te rra c e  
and the c lay  of the Headon beds in  the f lo o r  of 
the p i t .
P la te  10. Pennington west p i t  (sZ 308930) looking south 
showing the h o r iz o n ta lly  bedded gravel of the 
25 f t .  (8 m.) te r ra c e ,  up to  15 f t .  (4 .6  m.) 
th ick  a t  th i s  p o in t and r e s t in g  on the Headon 
beds c lay  which can be seen in  the s id es  of the 
pool in  the foreground.
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P la te  11. Pennington eas t p i t  (SZ 311936) showing the 
working face w ith  low angle cross bedding in  a 
sand la y e r  between two medium coarse g rav e ls . 
The g ravel th in s  to  about 10 f t .  (3 m.) in  
th ickness towards the excavator from 
15 f t .  (4 .6  m.) a t  the south end of the p i t .
P la te  12. H a ll 's  P i t  (SU 450020) showing the 15 f t .
(4 .6  m.) of h o r iz o n ta lly  bedded gravel of the  
60 f t .  (18 m.) s tag e . The face in  the fo re ­
ground i s  cu rren t bedded in  sand le n se s .
m m
P la te  13. Gravels of the 100 f t .  (30 m.) stage a t
Barton (SZ 239930) showing around 15 f t .  (4 .6  m.) 
o f coarse g ravel re s tin g  on an eroded bench of 
Barton Sands. The top 6 f t .  (2 m.) o f the 
sec tio n  i s  b r ic k e a rth . The arrow A p o in ts  to  
the sem i-consolidated block o f s i l t  shown in  
close-up in  P la te  33 and arrow B to  o th e r blocks 
o f sand as described in  Chapter I I .

Plate 14. A block of fine sand and silt in the base of 
the gravel at Barton (SZ 239930)* The silt 
block can be seen to have trapped pockets of fine 
gravel beneath it as it fell and may even have 
pressed them Into the underlying Barton Sand*
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P la te  15* A general view of Stone Poin t viewed from the 
westo The Ipsw ichian deposits  occur below the 
f ig u re  on the foreshoreo
P la te  16# The c l i f f s  of the 25 f t .  (8 m.) te rra c e  a t  
Lepe# The Ipsw ichian d eposits  u n d erlie  idie 
shallow slop ing  area on the r ig h t  of the photo­
graph and a re  buried  by the  modern beach in  the 
cen tre  of the p ic tu re .

Plate 17* A close-up of the foreshore at Lepe* The
peaty silts and clays of the Ipswichian inter- 
glacial occur in the upper half of the photo­
graph and are generally covered with green 
seaweed* The black colour of the peat cam be 
seen In the excavations to the right and top 
left of the picture while the grey aurea in the 
centre of the photo shows the eroded surface of 
the clay* The pebbly clay and ferruginous 
lower gravel can be seen outcropping on the left 
of the photo while the junction between the red 
gravel and the clay can be seen in the centre 
of the photo.
Im
Plate 18• The eroded surface of the Ipswichian clay at
Lepe showing carbonised acorn bases (^uercus sp«) 
in situ. The smaller carbonised particles are 
also plant debris within the clay but the flint 
pebbles are from the modern beach.

P la te  19* Lepe, The c l i f f  behind the beach showing 
the ju n c tio n  between the pebbly c lay  in  the 
lower h a lf  of the photo and the la te  Ipsw ichian 
o r e a r ly  W eichselian gravel of the 25 f t .
( 8 m. )  te r ra c e  in  the upper h a lf  of the photo.
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P la te  20. Current bedded sand f i l l i n g  a small channel 
in  the gravel of the 25 f t .  (8 m.) te rra c e  
a t  Cadland (SU 471003)•
i
P la te  21. The coarse sand and gravel of the 25 f t .  
(8 m.) te rra c e  a t  Cadland (SU 471005).

P la te  22. Coarse gravel w ith only s l ig h t  evidence of 
bedding, H a l l 's  p i t  (SIJ 450020) in  the 60 f t ,  
(18 ra.) te r ra c e .

P la te  23. Medium unbedded gravel of the 100 ft*  (30 m.)
te rra c e  near Barton (SZ 239930)* The base of the 
gravel in  th is  photo can be seen r e s t in g  on the 
Barton sand w hile the top of the sec tio n  i s  com­
posed of a th in , stony b r ic k e a rth .

P la te  24. Coarse bedded gravel of the 25 f t .  (8 m.)
te rra c e  a t  Pennington west p i t  (SZ 308930)*
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P la te  25* Coarse s l ig h t ly  ro lle d  f l i n t  cobble in  s i tu  
in  the top of the 25 f t .  (8 m.) te rra c e  a t  
Pennington west p i t  (SZ 508950)* The lens 
cover in  the photo i s  2 inches (50 mm.) in  
diam eter.
P la te  26. Coarse gravel of the 100 f t .  (50 m.) te rra c e
a t  H ig h c liffe  (SZ 210951) showing p ossib le  s lig h t  
f r o s t  a c tio n  w ith  the e rec tio n  of some pebbles 
so th e i r  long axes a re  v e r t ic a l .

P la te  27* Minor flam e-type invo lu tions in  the sandy 
gravel of the top of the 60 f t .  (18 m.) 
te rra c e  a t  H a l l 's  P i t  (STJ 449021), The 
p en e tra tio n  o f f ro s t  a c tio n  in to  the gravel 
has only been s l ig h t  as the sand lay e rs  in  
the bottom of the gravel a re  undisturbed .
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P la te  28. Bedded s o lif lu c t io n  dep o sits  on the edge of 
the 60 f t .  (18 m.) te rra c e  a t  Hengistbury 
Head (SZ I 66907) .  The in d iv id u a l beds are  
composed mainly of sand derived from the 
T e r t ia r ie s  but a lso  of some of the gravel 
from the 60 f t .  (18 m.) te r ra c e .
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P la te  29, The gravel of the 100 f t ,  (50m, )  te rra c e  
a t  Barton (SZ 245928) showing an ir re g u la r  
ju n c tio n  w ith  the Barton S eries below i t  and 
a th in  b ric k e a rth  overly ing  i t .

P la te  30. C l i f f s  cut in  the Barton s e r ie s  near Barton
(SZ 243928) showing a th in  g ravel of the 100 ft< 
(30 m. ) te rra c e  overly ing  the e a s te r ly  dipping 
Barton beds r ic h  in  iro n  concretions.
P la te  31. Eroded c l i f f s  of Barton sands near Becton 
Bunny (SZ 253925) w ith  a  cap of g ravel of th e  
100 f t ;  (30 m.) te rra c e  a t  the top .

P la te  32* An Acheulian handaxe found on the f lo o r  of 
H all’ s P i t  (SU 449021) .
»< K #
•j^'^
P la te  35. Deeply weathered g ran o d io rite  in  Beaucette 
Quarry (WV 359857)» Guernsey. Note the large  
core stones and in te n s if ie d  w eathering along 
v e r t ic a l  jo in ts .
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P la te  34. Deeply weathered g ran o d io rite  in  Beaucette 
Quarry, Guernsey. Note the la rg e  core stones 
in  pockets of rock decomposed to  sand and the 
6 f t .  (2 m.) of lo ess  (arrowed) a t  the south 
side  of the quarry .
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P la te  35* The low shore p latform  a t  La B e tte , Guernsey
(W  315748) • The modern sandy beach in  the fo re ­
ground i s  a t  around mean sea le v e l so the rock 
platform  here i s  a t  around 20 f t .  (6 m.) O.D.

P la te  $6. The re e fs  in  Coho Bay, Guernsey, looking north  
from La Guet B a tte ry  (W  295805)* Note the 
g en era lly  accordant le v e l of th e  top  o f the rocks 
formed by remnants of the low shore p latform .

P la te  37# The c la s s ic  sec tio n  in  B elcroute Bay, Je rsey  
(W 607482)# In  the se c tio n  can be seen 
(a) bedded head of greyi/acke, in c lin e d a t $0^ 
to  the e a s t ( l e f t ) ;  (b) le v e l w ith  the f ig u re ’s 
head, the 25 f t#  (6 m.) ra ised  beach composed 
p rim arily  o f g ra n ite ;  (c) up to  5 f t ,  ( c ,  2 m. )  
of h o r iz o n ta lly  bedded bloi-m sand becoming more 
stony near tlie top ; and (d) lo e ss ic  head of 
greyifacke fragments* The ra ise d  beach gravel 
can be c le a r ly  seen to  r e s t  unconformably on 
the lower head.

P la te  38. The cemented 25 f t*  (S m.) ra ised  beach 200 yds. 
(180 m,) no rth  of Noirmont P o in t, Je rsey  
(vat 609469)• Note the cemented n atu re  o f the 
beach and the way i t  forms an upstanding mass in  
the modern beach. At the back of th e  modern beach 
i s  a 50 f t .  (15 m.) c l i f f  of head rubbly a t  the 
base but more lo e ss ic  upwards.

P la te  39* The 25 f t .  (8 m.) beach on the n o rth -e a s t end of 
Burhon, Alderney. To the r ig h t  o f the  photograph 
the beach can be seen to  r e s t  on a w ell polished 
p latform  of s teep ly  d ipping  Pre-Cambrian Alderney 
sandstone.
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P la te  40. The low ra ised  beach in  the Moulin Huet Cave, 
Guernsey (W 330753) • The beach can be seen to  
be r e s t in g  on a smooth p latform  of Pre-Cambrian 
I c a r t  Gneiss. Note th a t  the  beach becomes in ­
c reasin g ly  coarse upwards and i s  very  w ell 
cemented by iro n  oxides.

P la te  41* The 25 f t .  (8 m.) beach on the west s ide  of La 
B e tte , Guernsey (W  314748)• The beach f i l l s  a 
g u lly  cu t along a sm all f a u l t  in  Pre-Cambrian 
I c a r t  Gneiss and i t s  top  i s  a t  33 f t .  (10 m.) O.D.

P la te  42. 25 f t .  (3 m.) ra ise d  beach on the south side
of Hommet P arad is (VAT 364828), Guernsey. This 
sec tio n  is  on a low is lan d  and i s  only covered 
w ith a th in  s o i l  and made ground of quarry w aste. 
The g rea t v a r ia t io n  in  rounding in  the beach 
m ateria l can be seen in  the  photograph.
P la te  45* General view of the  south side of Hommet P arad is , 
Guernsey (W  364828). The s e c tio n  in  P la te  42 i s  
arrowed. Note the low le v e l of th e  i s l e t ,  ty p ic a l 
of many in  th e  Channel I s l e s ,  which s t i l l  r e ta in  a 
p a r t ia l  cover of ra ise d  beach.

P la te  45* 25 f t .  (8 m.) ra ised  beach a t  Chouet (W  332842),
Guernsey. Up to  5 f t .  (1 .5  ni.) of w ell rounded 
beach gravel w ith  several conspicuous f l i n t s  
(arrowed) overly ing  deeply weathered g ra n o d io rite . 
Above the  beach g ravel i s  around 2 f t .  (65 cm.) 
of lo e ss ic  head.
P la te  46 . 25 f t .  (8 m.) ra ise d  beach a t  Rousse (WV 323833)>
Guernsey. General view showing th e  la rg e  expanse 
of ancien t beach uncovered by the s tr ip p in g  of 
the  modem beach sand, a small remnant of which 
can be seen in  the  bottom righ t-hand  co m er.
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P la te  47» Raised beach a t  th e  e a s t side of Mont Cuet Quarry 
(W  535842) revealed  by quarry ing , June 1974» The 
height o f th e  beach is  unknovm, although i t  is  
probably the lower edge of the 60 f t .  (18 m.) beach 
which occurs in  the  back of the quarry . The unstab le  
edge of the quarry has made c lo se  examination of 
th is  d eposit im possible.
P la te  48. The shore platform  cut ac ro ss  p h y l l i te  a t  D ivette  
(W  341754)1 Guernsey. Note some 25 f t .  (8 m.) o f 
head and ra ise d  beach g ravel s t i l l  forming a 
v e r t ic a l  se c tio n  even though the base o f th e  super­
f i c i a l  d ep o sits  is  only r a re ly  washed by th e  sea .

P la te  49. 25 f t .  ( 8 m. )  ra ise d  beach a t  L’Eree s l ip
(W 248785), Guernsey. The beach i s  bedded 
sandy gravel a t  i t s  base where i t  r e s ts  on a 
worn surface of L’Eree ad am ellite , but grades 
up in to  coarser g rav e l. The beach deposits  
a re  succeeded by lo e s s ic  head (in d ica te d  by 
the  hammer).
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P la te  50* The 25 f t .  (8 m.) beach a t  L’Eree, Guernsey 
(WV 249785)* This photograph i s  50 f t .  (9 m.) 
to  the  south-west of P la te  49 end. sev e ra l 
d iffe ren ces  can be seen from th is  se c tio n .
The beach gravel i s  not sandy a t  i t s  base 
and tlie overlying head has le s s  angular m a te ria l 
in  i t .  This rap id  change o f d ep o sits  i s  ty p ic a l 
of ra ise d  beach /  head sec tio n s  in  the Channel 
I s l e s .

P la te  51. View of the g ran o d io rite  quarry a t  Les Vardes 
looking south , November 1972. The p o s itio n  of 
the 100 f t .  (50 m.) ra ise d  beach exposures is  
in d ica ted  by the arrow s.
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P la te  52. 100 ft#  (50 m#) ra ised  beach in  Les Vardes
Quarry (WV 517826), Guernsey# Note the extrem ely 
weathered nature  of the  g ran o d io rite  below the 
beach g rav e l.
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P la te  55* The 100 f t .  (50 m.) beach gre.vel a t  le a  Vardea, 
Guernsey (WV 317825). Note the extrem ely 
weathered g ran o d io rite  below tlie beach and th e  
cemented natu re  of th e  beach g ravel i t s e l f .
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Table I
Granulometry and composition d is tr ib u tio n  of the South Hsjnpshlre jgravels 
(For the lo c a tio n  of sampling s i t e s ,  see map, f ig .  7 )
( a) 15 f t .  (4 .5  m.) te rra c e
Sample ?• W. of Hengistbury Head
lÿ* 1" i ’* % ofto ta l T otal count 440
F l in t 1 3 22 53 90 38.40
i^uartz 3 13 221 53.86 (Note; This sample was
Chert 1 2 4 1.59 taken from the very
Sandstone 1 3 9 2.94 quartzose g ravels  of the
Other 3 11 3.18 Avon). : : -
(B) 25 f t .  ( 8 m.) te rra c e
Sample 4 . Sowley Pond P i t
14” 1'» 4” 4” J-I»«
io of 
to ta l
F l in t 2 5 15 53 94 72.22
Quartz 1 5 45 21.78
Chert 1 2 3 2.56
Sandstone 5 2.13
Other 3 1.27
Total count 234
Sample 5# E. of Sowley Pond P i t
lÿ» r* ÿ* i ” I ’» ^ of to ta l
F l in t
Quartz
Chert
Sandstone
Other
1 3 27
1
2
143
5
7
4
365
136
19
11
11
73.33
19.31
3.80
2.04
1.49
Sample 13. Cadland
14” V* 4” 4” lit8
^ of 
to t a l
F l in t 1 5 29 94 169 84.18
Quartz 1 38 11.01
Chert 1 2 0.84
Sandstone 5 4 3 3.38
Other 2 0.56
T otal count 735
Total count 354
Sample 15, Cadland
Other
Sample 4 l .
lÿ* 1* ÿ* -it» ±,l ofto ta l
F l in t 1 2 16 94 207 78.24
quartz 1 1 67 16.95
Chert 5 4 2.21
Sandstone 3 5 1.96
Other 1 1.41
Sample 17. Cadland
14" r» 4" 4" t "
% of 
to ta l
F l in t 1 31 113 152 64.14
Quartz 12 114 27.21
Chert 4 2 6 2.59
Sandstone 3 11 3.01
Other 1 13 3.01
Sample 19. Cadland
14" 1” 4" 4" 1 "
of
to ta l
F l in t 1 9 22 65 169 77.10
Quartz 4 48 15.07
Chert 6 4 2.89
Sandstone 2 4 a 4.33
Other 2 0,56
Sample 39. M ilford
i4 " 1»* 4" 4" f "
* of 
to ta l
F l in t 2 5 19 52 90 78.50
Quartz 2 31 3.73
Chart 2 0.93
Sandstone 3 8 5 .1 3
Pennington West P i t
1&" 1" i "  i ’ J. fl8
^  Of
to ta l
F l in t 3 32 115 329 83.30
Quartz 6 66 12.52
Chert 2 0.34
Sandstone 3 6 13 3.81
Other
T o tal count 40?
T otal count 463
T otal count 345
T otal count 214
Total count 575
Sample 42, Pennington West P it
Ij" r* 4" 4" 4 "
^  of
to ta l
F l in t 1 6 21 63 154 70.00
Quartz 1 9 78 25.14
Chert 5 1.42
Sandstone 1 1 8 2.85
Other 1 0.28
60 f t .  (18 m.) te rra c e
Sample 6# ■Cast Ihid P it
1-4” r* 4" 4" 1 "
56 of 
to ta l
F l in t 22 92 177 72.02
Quartz 1 1 2 78 20.29
Chert 1 3 7 2.72
Sandstone 1 1 2 9 3.21
Other 7 1.73
Sample 10. Hordle House
lÿ* I" 4" 4" 4 " i  o fto ta l
F l in t 1 2 24 66 210 72.35
Quartz 4 80 18.87
Chert 3 8 2.47
Sandstone 1 1 1 15 4.03
Other 1 8 2.01
Sample 22. Hall* 8 P i t
l j« 1" 4" 4" i "
of
to ta l
F l in t 1 3 24 105 227 72.00
Quartz 18 94 22.00
Chert 9 1.80
Sandstone 4 6 2.00
Other 2 8 2.32
Sample 33# Hordle C l i f f
lÿ* 1" 4" 4" 1"
of
to ta l
F l in t 2 4 19 70 192 68*80
Quartz 4 79 19.90
Chert 7 8 3.59
Sandstone 4 18 5.26
Other 6 1.43
Total count 350
T otal count 4o4
T otal count 445
T otal count 500
Total count 417
Sample 35. H all's P it
lj.1 yb of 
to t s l
F l in t
Quartz
Chert
Sandstone
Other
4 20 
1
59
5
2
201
57
2
5
5
78.67
17.17
1.10
1.65
1.38
Sample 38 . Hordle C l i f f
lÿ i  1»! ÿ t i " 4" ^  ofto ta l
F l in t 2 1 24 118 432 69.77
Quartz 1 18 186 24.73
Chert 3 3 0.72
Sandstone 38 5.59
Other 1 0.12
100 f t .  (50 m.) te rra ce
Sample 8. Barton C l if f
lÿ* 1" ÿ* 4" 4"
i  of 
to ta l
F l in t 1 15 89 206 85.87
Quartz 2 31 9.14
Chert 1 1 2 1.10
Sandstone
Other
4 10 3.86
Total count 361
T otal count 82?
T otal count 36I
Sample 9» Barton C l i f f
If* 1" 4" 4"
% of 
to ta l
F l in t 2 12 74 237 77.93
Quartz 3 51 12.94
Chert 1 1 2 7 2.63
Sandstone 4 13 4.06
Other 2 8 2.38
Sample 11, Barton C li f f
If* r* 4" 4" 4 "
of
to ta l
F l in t 1 3 11 52 157 81.99
Quartz 20 7.66
Chert 2 3 5 3.83
Sandstone 4 9 4.97
Other 4 2.05
Total count 417
Total count 261
Sample 23* Ilig h c liffe
I f ' V» f t 4" 1 rt3
i  O f
to ta l
F l in t
Quartz
Chert
Sandstone
Other
1 1 16
3
1
63
2
1
219
13
3
19
87.71
3 .8 0
2.35
6.12
Sample 26» R ig h c llffe
If* r* f* 4" ^ of to ta l
F l in t
Quartz
Chert
Sandstone
Other
2 19
2
1
93
1
4
260
2
8
5
1
93.96
0.75
3.51
1.51
0.36
Sample 27* H ighcU ffe
I f 1« f  • 4‘* JLw2
^ of 
to t a l
F l in t
Quartz
Chert
Sandstone
Other
1 3 17 100
2 3 
4
288
10
1
13
92.34
2.26
1.35
3.84
Sample 29* Chewton Bunny
I f r* f* 4" J_u5
of
to ta l
F l in t
Quartz
Chert
Sandstone
Other
1 2 
1
21
1
67
1
1
156
6
1
1
95.36
2.70
0.77
1.15
Sample 30. Barton C l i f f
I f  1« f 4" {**
% of 
to ta l
F l in t 1 8 28 40 94 90.47
Queirtz 9 4.70
Chert 1 2 1.58
Sandstone 4 2.10
Other 2 1.80
Total count 342
T otal count 398
T otal count 442
T otal count 259
Total count 189
Sajiipie 31* Barton C lif f
1-J” 1” i ” 4 ” 8
% of 
to ta l
F l in t 28 142 187 91.30
Quartz 5 1.27
Chert 2 4 2 2.04
Sandstone 2 5 14 5.57
Other
Sample 32. Barton C lif f
I f 1” 4”
/ti of 
to ta l
F l in t 1 2 23 92 225 69.43
Quartz 6 117 24.89
Chert 1 1 7 1.82
Sandstone 2 13 2.02
Other 9 1.82
Total count 391
T otal count 494
Note 1: The c la sse s  ’’sandstone” and ’’o th er” are used in  the above
ta b le s  fo r  uniform ity and comparison purposes. The ’’sandstone” c la s s  con­
ta in s  m a te ria l which i s  almost e n t ire ly  of sarsen  o rig in  but some o f 
these white sandstone pebbles may be bleached greensand.
The ’’o th er” c la ss  contains a wide v a r ie ty  of f a r  tra v e lle d  m ate ria l 
a l l  in  the  lower s iz e  grades and very w ell rounded and so almost ce r­
ta in ly  derived from the Eocene pebble beds to  the west of the area  under 
co n s id e ra tio n . Rock types id e n t i f ie d  include sandstone of Lower Palaeo- 
so ic  ? type (92 pebb les), f in e  grained igneous (10 pebb les), iro n  cemented 
sandstone (35 pebbles, of which 23 •  2.78% of sample -  were in  Sample 3&)# 
and l ig n i t e  ( l  peb b le ). The iro n  cemented sandstone stnd l ig n i te  occur 
only in  the g ravel d ire c t ly  overlying the T e r t ia r ie s  contain ing these 
d eposits  while the Lower Palaeozoic sandstones occur throughout the 
g ravels  sampled and include a  wide range of l i th o lo g ie s  from coarse 
san d sto n e /g rit to  very f in e  sandstones. S im ilarly  the f in e  grained 
igneous i s  not concentrated in  any one sample and i s  evenly d is tr ib u te d , 
no sample having more than one pebble of th is  rock type.
Note 2: M etric equ ivalen ts o f the mesh s iz e s  used: i f  (37*5 mm.) ;
1” (23 ram.); f  (12.5 mm.); 4" (6.23  mm.); ” (3.35 mm.).
Table l a .  Soient Gravels (3*5-6.5 mm.)
S ite
25 f t .  (8 m.) te rra c e
Cadland (2)
Sowley
M ilford
60 f t .  (18 m.) te r ra c e
B lack fie ld
Hordle
F lin t
and
Upper
Greensand
77.5
72.8
76.0
Quartz
77.0
72.6
22.2
25.1
24.0
21.1
24.9
Other fa r- 
tra v e lle d  
rocks
0 .9
2 .0
0.0
1.9
2.5
Sample
s ize
514
542
129
270
521
Upper Gravel 
Stone
Lower Gravel 
Stone
75.5
77.2
25.2
21.0
1.5
1.8
1258
3955
* From Brown e t  a l . ,  1975.
Table I I .  Some su,?^?ested correlations for tta  P leistocene o f south Hampshire.
General B r i t is h  S ta ,^a  
(see M itchell e t  a l . ,  1975)
Post G lac ia l (F landrian)
Late Devensian 
E arly  Devensian
E arly  Devensian 
Late Ipsw ichiaa 
F u ll Ipsw ichiaa 
Late W olstonian
“Ilfordian** ?
E arly  W olstonian
Late Hoxnian
E arly  Hoxnian
Older P le is to cen e  stages
South Hampshire
(The lev e ls  r e fe r  to  th e  te r ra c e s  
of the  Solent R iver)
E stuarine  c la y s , p ea t, p resent d ra inage, 
co as ta l erosion .
F ina l c u tt in g  of buried channels.
Last phase of Solent a t  loi/ sea le v e ls .
D estruc tion  o f I s le  of W i^ t -  Purbeck Ridge. 
Headward erosion  on th e  minor drainage of 
the  Hew F o re s t.
25 f t .  (8 m.) B rickearth
25 f t .  (8 m.) te r ra c e
25 f t .  (8 m.) Gravel
zone f  ( l  l ib )  d eposits  a t  Stone P oin t
Ho d e p o s its . P ossib le  buried  channel below O.D. 
and d is s e c tio n  a t  Stone P o in t.
60 f t .  (18 m.) B rickearth
60 f t .  (18 m.) te r ra c e
60 f t .  (18 m.) Gravel 
Hordle buried  channel 
100 f t .  (50 m.) B rickearth  
100 f t .  (50 m.) Gravel 
T errace g rav e ls  up to  150 f t .  (59*6 m.) 
Gravels up to  420 f t .  O.D.
100 f t .  (50 m.) te r ra c e
Table I I I . Some sug,<?egted correlations for the
P leistocene of the Channel I s le s
B r it is h  Stages
( a f te r  M itchell e t  a l . ,  1973) 
F landrian
Late G lac ia l
Late Devensian 
E arly  Devensian
Late Ipsw ichian
P u ll Ipsw ichian
Late W olstonian
Mid-Wolstonian h i ^  
sea lev e l (" I lfo rd ia n "? )
E arly  W olstonian
Late Hoxnian
E arly  Hoxnian
Older P le isto cen e  stages
Channel I s le s
P eat, blown sand, recen t alluvium , co a s ta l 
e rosion .
R ising  sea le v e l,  f in a l  c u ttin g  of is lan d  
v a lle y s .
Loess and head d ep o sitio n .
Loess and head d ep o sitio n . La Cotte de S t. 
Brelade occupied by Neanderthal man w ith  
an Upper M ousterian c u ltu re .
Widespread blown sand asso c ia ted  w ith f a l l in g  
sea le v e l,  reg re ss io n  sediments in  no rth  
Guernsey.
25 f t#  (8 m.) ra ise d  beach, blown sand on 
J e rs e y ’s west c o a s t, deposits  of B elle  Hougue 
cave.
La Cotte de S t. B relade. La Cotte a la  Chèvre 
occupied by Neanderthal men w ith  an e a r ly  
M ousterian c u ltu re , lo ess  and head deposited .
60 f t .  (18 m.) beaches deposited  a f t e r  an 
aggradation  from a t  le a s t  O.D.
P a ll  in  sea le v e l to  a t  le a s t  O.D.
Maximum r is e  in  sea le v e l o f in te rg la c ia l  of 
c , 150 f t .  (40 m.)
R ise in  sea le v e l from c . f t .  (21 m.) O.D.
Erosion su rfaces w ith  fragm entary deposits  
up to  450 f t .  (158 m.)
Table IT. L oca lities  where head occurs below the 8 m. beach.
Guernsey
Alderney
Je rse y
L’Eree c . WV 248784 (Reported in  E lh a l, I 965)
D ivette c . WV 542754 (Described by C o llen e tte , I 9I 6 , 
now destroyed by marine ac tio n )
Jethou (On the south side of the  island]
Longis Bay WA 595031 (a continuous sec tio n  100 m* 
long so u th -east of the 
Roman F ort)
Bouley Bay WV 669549 (C li f f  sec tio n  NNW of je t ty )
Belcroute Bay WV 607482 ( C l i f f  se c tio n  south o f St* 
Aubin, the  c la s s ic  lo c a li ty )
P o r te le t  Bay WV 601471 ( C li f f  sec tio n  in  tiie cen tre  
of Üie bay)
B ou illy  P ort WV 581481 ( C l i f f  sec tio n  south o f b a tte ry )
Beauport WV 580479 (Section  in  a  g u lly  on tlie 
e a s t s ide  o f th e  bay)
Table 7 . Composition of Channel I s le s  Raised Beaches.
Alderney
Guernsey
J  ersey
Hommet Herbe
L’Ancresse
Chouet 
(Mont Cuet)
Hommet Paradis 
Belcroute
B o u illy  P ort 
Bouley Bay
Bonne H uit
Belval Cove
, * * *
F l. E rr . Lo.
>} WA 606087 43.0 57.0WA 606086 38.0 - 62.0
WV 548858 10.6 15.5 74.8
WV 552841 12.2 15.1 72.2
b) WV 555842 10.6 8.6 80.4
'WV 565828 - 7.8 95.2
a) WV 607482 1.41 98.4
|b) WV 607482 - - 100.0
|c) WV 607482 - - 100.0
WV 581481 1.2 - 98.8
WV 669548 3.2 » 96.8
b) WV 669548 1.7 - 98.5
a) WV 641559 6 .9 95.1
> ) WV 641559 4.0 - 96.0
4 WV 641559 5.8 - 96.2
:&) WV 641559 2.8 - 97.2
!e) WV 641559 7.2 - 92.8
WV 710528 5.8 1.5 94.9
Fl
Mean 40*5
PI
Lo
59.5
Err Lo
Mean 11.1 11.75 80.1
Je rse y . Mean north  coast 
Mean south coast 
Mean a l l  s i t e s
4 .2
1.3
5.6
1.3
1.5
94.5
98.6 
96.1
Modern Beach i n  Bonne H uit Bay (Between W7 644558 and W7 646558)
1 .7  
1.0  
2 .0
1.8
1.9
5.9
5.0
1.6
98.5
99.0
98.0 
98.2 
98.1 
96.1  
97.0  
98.4
Mean
PI
2.12
Lo
97.01
PI -  F l in t  
E rr  -  Other e r r a t ic s  
Lo -  Local rock types
Je rsey
Table V I, L is t of s i te s  in  the Charnel Is lan d s  
fo r  th e  6Q f t ,  (18 m,) ra ised  beach.
Grid r e f .
C otte a la  Chèvre WV 554567 dn4
I l e  Agois WV 597557 H
Le Bourg WV 690490 D
V erclu t WV 698476
Pontao WV 689469 D
Snow H i l l  c u ttin g WV 655483 D
P ort Regent Tunnel WV 655482 D^
Le P inacle WV 545555 N
Ju b ile e  H i l l WV 576515 D^
Mont M illa is c . WV 664495 D^
Caves near Piémont WV 658566 1)4
Cave a t  La Saline 
sey
WV 650562 D^
Mont Cuet WV 533840 D
P o rt Le Marchant WV 550844 D
n M It WV 550845 D
La Moye WV 556855 D
P arad is WV 559850 D
La Rochelle WV 557855 D
Le Peugre WV 50O8O9 D
S t.  C atherines WV 525799 D^
Blancs Bois -  King George’ s F ie ld s C. WV 5I I 8O4
A nneville -  Les C apelies c. WV 5268I 5
Pleinheaume WV 518818 D
C a il lo te r ie WV 516824 D
La Pomare (sou th  of) WV 260774
Les Adams (sou th  of) w 258751
Les Bouvets WV 265784 D
D -  D eposits , H -  Notch only, DN -  D eposits and Notch,
1 -  Temporary exposure; 2 -  Land scaped but beach s t i l l  ju s t  v is ib le ;  
3 -  Very la rg e  a rea  covered; 4 Beach in  cave.
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